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2.0 PROGRAM  INFORMATION  

2.1  Air Traffic Services Program Area Description

Mission
The overall mission of Air Traffic Services (ATS)
is to ensure the safe and efficient operation, main-
tenance, and use of the air transportation system
today and to meet tomorrow's challenges to in-
crease system safety, capacity, and productivity.
ATS continually seeks to improve its services by
undertaking initiatives to meet current and future
demands. The ATS R,E&D program is an overt
initiative to ensure a structured and evolutionary
improvement of services that keeps pace with the
global growth in aviation. The mission of the
R,E&D program is to develop technology, prac-
tices, and procedures to ensure continued im-
provement in delivery of air traffic services. 

Intended Outcomes
The ATS R,E&D program is one part of an inte-
grated strategy to increase the value of the air traf-
fic services. The ATS R,E&D program is a vehi-
cle for making long-term investments in improv-
ing services, procedures, and infrastructure, and
integrating new concepts and technology to meet
the increasing demands of safety, capacity, effi-
ciency, and productivity. Human factors consider-
ations are central to all program outcomes for a
totally effective solution. The ATS R,E&D pro-
gram contributes to the ATS performance out-
comes contained in the Air Traffic Services Per-
formance Plan and the strategic goals of the Gov-
ernment Performance and Results Acts (GPRA).
The program is also consistent with the goals de-
lineated in the FAA Strategic Plan, the Research
and Acquisitions Performance Plan, and the Reg-
ulation and Certification Performance Plan.

The ATS R,E&D program contributes to the
seven ATS performance outcomes described be-
low and represents increased value to system us-
ers and the American public.

Increase System Safety. Safety is the FAA’s fore-
most priority, and the ATS R,E&D program plays
a critical role in the development of procedures
and technologies for safety improvement.

Aircraft separation based on a well-defined set of
standards is the keystone of ATS’ safety-related
service. The ATS R,E&D program invests in

projects to determine safe separation distanc
under varying conditions and ways to more acc
rately determine and predict aircraft positions a
to reduce weather-related accidents and passen
injuries. The effects of weather phenomena on t
aircraft, including clear-air turbulence, cause 
large percentage of aviation accidents and pass
ger injuries. Additionally, an investment in air
borne collision avoidance systems is included 
provide a safety net beyond traditional separati
methods. 

Overall technological improvements in informa
tion displays, automation tools, decision suppo
systems, communications, navigation, and su
veillance will support better determination of air
craft position and resolution of potential conflict
both in the air and on the airport surface. 

Decrease System Delays. A traditional measure
of the efficiency of the Air Traffic Managemen
(ATM) system is delay. Delays can be caused 
various factors; however, weather is recogniz
as a chief cause. The ATS R,E&D program is a
dressing the effects of weather-caused delays
investigating better weather-detection and for
casting tools. The program also address
throughput of airways and airport infrastructur
as well as the accuracy of information exchang
by ATM systems.

Increase System Flexibility. National Airspace
System (NAS) users expect more from the AT
system than reduction of delay. Users want to o
timize their operations through increased flexibi
ity during the flight planning process. Flight man
agement and enhanced flight planning syste
using new technologies have enabled users to d
matically improve the efficiency of air transporta
tion by allowing them to operate at the altitude
speeds, and routes that they desire. As ATS s
vices evolve toward Free Flight, the ATS R,E&D
program supports development of technologi
and procedures in support of Free Flight and ini
atives such as Flight 2000. 

Increase System Predictability. Predictability
represents the variation in the ATM system exp
rienced by the user. Improving predictability i
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one of the most effective ways to add value to the
ATM system. Weather is a significant contributor
to the uncertainty in the ATM system. Sixty-five
percent of the flight delays and 30 percent of air-
craft accidents and incidents can be attributed to
weather. 

The ATS R,E&D program seeks improvements in
acquiring and disseminating weather products.
High-resolution weather forecasts in both space
and time are feasible; but to be of use, it requires
rapid, effective graphical display of the associated
information to the users. Manual analysis and
identification of specific aviation weather im-
pacts, such as icing and turbulence, cannot pro-
vide the information quickly enough or with suffi-
cient clarity to significantly reduce related delays.
Research in this area is intended to improve sys-
tem responsiveness by increasing user accessibil-
ity to weather observations, warnings, and fore-
casts. Any reduction in the impact of weather on
operations results in a fundamental increase in the
predictability of the system. 

Increase User Access. Access to the NAS and
ATS services is the basic need of all airspace us-
ers. The fundamental point through which most
users gain access to the NAS is airports. Naviga-
tion and Landing are core services allowing ac-
cess to airspace and airports under varying condi-
tions. The ATS R,E&D program includes initia-
tives to provide access to airspace, airports, and
landing services available to a wide variety of us-
ers under varying conditions. Thousands of air-
ports and runways become inaccessible when
weather conditions prohibit visual navigation.
The widespread availability of the Global Posi-
tioning System (GPS) signal-in-space, along with
published GPS instrument approach procedures,
will enhance access to these capital assets. 

Research will ensure that the GPS-derived Wide
Area Augmentation System (WAAS) and Local
Area Augmentation System (LAAS) services will
have high availability. The expanded use of satel-
lite-based navigation systems will result in preci-
sion approaches being available at more airports,
which will increase all-weather access to an in-
creasing number of airports. 

Additionally, research into the integration of
flight-deck state, intent, and weather data with

ground systems can reduce excess spacing buf
between arriving aircraft. 

Increase Availability of Critical Systems. ATS
has traditionally used an overall equipment ava
ability rate as an indicator to represent bas
trends of NAS equipment. While this indicato
consistently runs over 99 percent and offers so
insight into the quality of operational services
ATS is taking a more detailed look at overall se
vice availability. Increasing service availability
results from taking a multifaceted approach th
requires improvements in the aging NAS infra
structure and better methods of system operat
and maintenance. A modernized ATC system 
critical to the aviation community, and a signifi
cant growth in aviation cannot be safely accom
modated without significant breakthroughs i
modernization. The ATS R,E&D program is re
sponsive to these goals in that the key elements
NAS modernization are addressed in several ar
by research into technology improvements, su
as the effective use of modern displays, autom
tion tools, and decision support tools.

Increase Productivity. Given the increasing level
of services demanded and the decreasing num
of scarce resources at the disposal of ATS, it
more important than ever to make more effecti
use of available resources and to undertake c
savings and containment initiatives. R,E&D in
vestments allow for better use of personn
through initiatives that provide ATC personne
with support tools to enhance their level of co
trol and decrease their workload. Productivity im
provements are expected through automation, i
proved decision support systems, and procedu
and process improvements. Current cost savin
and productivity initiatives include investments i
human factors, modeling and simulation, an
software engineering activities.

Program Area Outputs

The outputs of the ATS R,E&D program vary
from development of operational prototype equip
ment to development of operational concep
modeling and simulation studies, emergent tec
nology evaluations, to development of proce
dures, standards and guidance. Examples of 
pected program outputs are:
2-2 
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• Timely delivery of high-resolution informa-
tion for icing, winds, temperature, and turbu-
lence to improve aviation advisories and fore-
casts used by the National Weather Service

• Human factors guidelines for shared informa-
tion displays in air-to-ground communica-
tions

• Selection criteria and training methods for
operators and maintainers that reflect changes
in the operational environment and automa-
tion

• Support to industry development of advanced
avionics for small airplane and rotorcraft sin-
gle pilot instrument flight rules (IFR) to meet
FAA requirements

• Improved processes and practices in software
development for the aviation industry and the
FAA

• Guidelines for an effective, accelerated sys-
tem/software to production process

• Refinement of airborne collision avoidance
technologies and procedures.

Program Area Structure

The ATS R,E&D program has been structured to
systematically support these intended outcomes:

• Increase system safety

• Decrease system delays

• Increase system flexibility

• Increase system predictability

• Increase user access

• Increase availability of critical systems

• Increase productivity.

The ATS R,E&D program addresses these out-
comes with the objective of making efficient and
effective use of R,E&D resources by adding value
that benefits NAS users, operators, and the Amer-
ican public.  

Customer and Stakeholder Involvement
The ATS R,E&D program reaches a broad spec-
trum of the aviation community and supports sev-
eral aviation community interests, including
Challenge 2000, the Aviation Safety Plan, the
RTCA Free Flight Action Plan, the NAS System
Architecture Development, and the ATS Concept

of Operations for the National Airspace System 
2005. Specific examples of customer and stak
holder involvement include:

• The R,E&D Advisory Committee (REDAC)
provides guidance on the FAA’s ATS inves
ments. The REDAC Subcommittee for ATS
reviews the ATS program and provides re
ommendations on ATS R,E&D investments
This program has seriously considered th
Subcommittee’s recommendations and h
adopted much of its advice.

• The National Plan for Aviation Human Fac
tors represents a cooperative effort betwe
the FAA, National Aeronautics and Spac
Administration (NASA), and Department o
Defense (DOD) to establish a coherent n
tional agenda for human factors research a
development to improve NAS safety and eff
ciency.

• The National Aviation Weather Users’ Forum
provides a process to develop a Federal/
dustry consensus on the needs and priorit
for aviation weather information. Forum par
ticipants are from:

– The Airline Pilots Association (ALPA)

– Airline Dispatchers Federation (ADF)

– Air Transport Association of America 
(ATA) 

– Aircraft Owners and Pilots Association 
(AOPA)

– Experimental Aircraft Association (EAA)

– Helicopter Association International (HAI)

– National Air Transportation Association 
(NATA)

– National Association of State Aviation Of-
ficials (NASAO)

– National Business Aircraft Association 
(NBAA)

– Regional Airline Association (RAA)

– American Airlines

– Delta Airlines 

– Industry. 

The forum serves as a basis to set research and
velopment priorities.
2-3
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Accomplishments

Following is a partial listing of recent past accom-
plishments of the ATS R,E&D program:

• Developed numerous tools and information
exchange mechanisms (e.g., the Center TRA-
CON Automation System (CTAS), User Re-
quest Evaluation Tool (URET), and Surface
Movement Advisor (SMA) research projects)
by the Traffic Flow Management Research
and Development program. These resources,
embodied in collaborative decision making
(CDM) packages #1 and #2, facilitate the dis-
semination of information to industry and es-
tablish CDM processes

• Developed and implemented GPS nonpreci-
sion IFR Helicopter approaches at the Mayo
Clinic, Wisconsin Medical Center, Erlanger
Medical Center, and western Pennsylvania,
which has been attributed to saving over 500
lives in medical emergencies

• Conducted a comprehensive human factors
study of controller-pilot communications 

• Achieved Aviation Gridded Forecast System
(AGFS) initial operating capability at the
Aviation Weather Center (AWC) to improve
advisories and forecast capability

• Evaluated convective weather storm growth
and decay algorithm at Memphis testbed

• Completed a significant upgrade to the Traf-
fic Alert and Collision Avoidance System
(TCAS) program (TCAS II). The upgrade,
known as Version 7, will make TCAS II fully
compliant with international standards and
will improve system safety by 5 percent while
reducing the nuisance alert rates by 30 per-
cent

• Implemented traffic information service
(TIS), providing Mode S data link cockpit
displays of aircraft traffic based on terminal
ground radar surveillance

• Completed a joint FAA/NASA Runway In-
cursion/Low Visibility Surface Operations
demonstration at Atlanta Hartsfield Interna-
tional Airport

• Evaluated two commercially available low-
cost airport surface detection sensors for run-
way incursion reduction

• Developed ionosphere algorithms that me
WAAS availability requirements

• Implemented first phase of Reduced Vertic
Separation Minima (RVSM) in the North At-
lantic between FL330 through FL370

• Completed initial SMA operational assess
ment 

R&D Partnerships
The ATS R,E&D program has established an
continues to maintain and pursue the establis
ment of partnerships with U.S. Government age
cies, international organizations, academic ins
tutions, the airline industry, industry and industr
user groups, and non-profit organizations. Fo
lowing is a list of some of the current partne
ships.

• U.S. Government Agencies:

– Department of Commerce

– DOD

– NASA

– National Science Foundation

– National Weather Service (NWS)

• International Organizations:

– British Civil Aviation Authority

– European Organization for Safety of Air 
Navigation (EUROCONTROL)

– French DGAC

– International Civil Aviation Organization 
(ICAO)

• Academic Institutions:

– Embry Riddle Aeronautical University

– Massachusetts Institute of Technology

– Ohio State University

– Pennsylvania State University

– San Jose State University

– University of Maryland

– University of Oklahoma

– University of Quebec at Montreal

• Nonprofit Organizations:

– Advanced General Aviation Transport Ex-
periment (AGATE) Consortium

– RTCA
2-4 
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• Airline Industry:

– America West

– American

– Continental

– Delta

– Northwest

– Southwest

– Trans States

– TWA

– US Airways

– United

• Industry and Industry User Groups:

– ALPA

– AOPA

– ATA

– NBAA

– SAMA.

Long-Range View

The essence of the ATS R,E&D program is 
maintain a long-term view of the research requir
ments for continued safe and efficient operatio
maintenance, and use of the air transportation s
tem today and in increasing system safety, cap
ity, and productivity. 

The ATS R,E&D program is a continuing effor
that will have continuing funding expectations a
or beyond the current level. Although the comp
sition of the R,E&D program portfolio will
change over time as some efforts come to fruiti
and transition to a relevant F&E or O&M envi
ronment, continued investment in ATS R,E&D
will ensure that the FAA stays current with th
ever-increasing demands on the air traffic syste
Further, continued investment in the ATS R,E&
will ensure that the FAA has an effective risk
identification/mitigation strategy for the high-risk
areas of the future NAS architecture. 
2-5
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 A02a Traffic Flow Management — [Program moved to 1999 Aviation System Capital Investment
Plan (CIP) as A05 Air Traffic Management Program]

GOALS:
Intended Outcomes: The FAA intends to im-
prove flexibility and reduce delays while main-
taining or improving the level of safety through
new traffic flow management (TFM) capabilities.
The following capabilities will enable NAS users
to optimize operational schedules and reduce op-
erating costs associated with system constraints:

• FAA/industry data exchange capabilities en-
abling implementation of collaborative TFM
operational concepts.

• Collaborative decisionmaking (CDM) meth-
ods and procedures that give NAS users
greater flexibility and control over opera-
tional decisions and improved flexibility for
NAS users operating in the ground delay pro-
gram.

• NAS flow analysis tools offering traffic man-
agers expanded decisionmaking support, per-
formance assessment, and compliance moni-
toring capabilities.

Each of the above contributes to cost reductions
for NAS users, as follows:

• Reduced routine flying times, departure de-
lays, and better responses to system disrup-
tions; reduced scheduled block times; and
saved airlines $360 million a year in operat-
ing costs (crew and equipment) for the sched-
uled domestic jet fleet (reference: RTCA
Task Force 3 final report, page 92).

• Increased information flow and more CDM;
reduced delays during national ground delay
programs; and saved airlines $221 million a
year in crew costs (reference RTCA Task
Force 3 final report, page 94, sum of “most
likely” entries”). Savings realized from
reduced missed connections/cancellations and
improved on-time performance, etc., further
increases the savings.

Agency Outputs:

FAA/industry data exchange
• Users and service provider requirements are

identified and operational concepts are dem-
onstrated to incorporate emerging technolo-

gies. These actions have resulted in im
proved, more timely electronic distribution
and display of user and service provider ope
ational data and better support for FAA/indu
try collaborative traffic flow planning and de
cisionmaking.

CDM

• Based on the new information exchang
TFM explores and identifies effective meth
ods and procedures for FAA/industry CDM
This results in automation applications, algo
rithms, and procedures to reach operation
traffic flow planning decisions.  These dec
sions respond to both user and service p
vider objectives.

NAS flow analysis tools

• TFM researches analytical tools an
approaches used in analyzing historical flo
patterns and NAS performance data.  Th
provides real-time operational analyses 
users and service providers.  It also results
near real-time analyses for use in distribute
environments for joint user and service pro
vider traffic flow planning.

Customer/Stakeholder Involvement: The TFM
R&D program directly supports the following
community initiatives:

• Air Traffic Service Plan (ATSP). The plan
was created with a 5-year, forward-lookin
window and with participation from all enti-
ties of the aviation community. The need fo
better operational communications with us
ers is a prominent theme throughout th
ATSP.

• Free Flight Action Plan. This Plan include
the following initiatives directly related to the
research planned in this area:

– Recommendation 6. Develop mechanisms
to provide predeparture feedback to flight 
planners on potential impacts of flight plan
request changes and on system constrain
causing those changes.

– Recommendation 7.  Implement rationing-
by-schedule during ground delay program
2-6 
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– Recommendation 8. Establish more flexible 
ground delay program procedures and deci-
sion support systems.

– Recommendation 9. Coordinate military, 
FAA, and NAS users to define the informa-
tion and capabilities needed to improve 
civil use of special use airspace (SUA) dur-
ing periods when SUA is not used by DOD.

– Recommendation 10. Conduct operational 
trials in one or more SUA’s to demonstrate 
how improved SUA status information ex-
change can improve civil use during peri-
ods when SUA is not used by DOD.

– Recommendation 11. Develop and imple-
ment real-time SUA notification between 
DOD and FAA and between FAA and 
flight planners.

– Recommendation 14. Improve telecommu-
nication devices to enhance information 
flow between users and the TFM system on 
a machine-to-machine basis.

– Recommendation 15. Incorporate airline 
schedule information (e.g., company delays 
and cancellations) into FAA decision sup-
port systems and decision processes.

– Recommendation 16. Enhance or replace 
the ATM monitor alert function, including, 
but not limited to, ways to measure control-
ler workload and function complexity.

– Recommendation 24. Develop a methodol-
ogy and tools to measure and predict dy-
namic density.

– Recommendation 25. Develop and imple-
ment TFM capability for information ex-
change among users and the FAA. This 
enables users to be involved in the FAA’s 
TFM decisionmaking process.

• NAS architecture development.  The NAS ar-
chitecture development effort has produced a
target operational concept for the NAS.  This
concept supports the collaborative partnership
philosophy between NAS users and service
providers.  In principle, the concept states that
the responsibility for safe and efficient NAS
management should be a collaborative effort
between air traffic managers and flight opera-
tors.

Accomplishments: The TFM R&D effort accom-
plished the following during FY 1998: 

FAA/industry data exchange
• Aircraft Situational Display for Industry

(ASDI) became operational in June 1998

• Completed prototype development and eval
ation of initial data exchange for GDP en
hancements (CDM Package #1)

• Completed concept development and evalu
tion of Daily Download and Simplified Sub-
stitutions (CDM Package #2)

• Completed the prototype development an
evaluation of FSM, ration-by-schedule, an
schedule compression capabilities (CDM
Package #1) and made investment decision

• Completed concept development and evalu
tion of Control Time of Arrival capabilities
(CDM Package #2)

NAS flow analysis tools
• Completed Prototype Development and eva

uation of System Impact Analysis; Sched
ules  (CDM Package #1) 

R&D Partnerships:

Airline industry
• The following airlines are actively engaged i

the TFM R&D program. They are full part-
ners in determining new CDM functionality
priorities, design, testing, and evaluation:

– America WestMidwest Express

– American

– Southwest

– Continental 

– TWA

– Delta 

– United

– Federal Express

– USAirways

– Northwest

– 35 Affiliated Subcarriers

Center of excellence (COE) for Aviation Trans-
portation
• The COE—composed of the University o

Maryland; Massachusetts Institute of Tech
2-7
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nology; the University of California, Berke-
ley; and their industry partners—are key
players in CDM technologies development
and evaluation. In addition, the COE provides
an opportunity to explore the potential appli-
cation of game theory, decisionmaking under
uncertainty, and artificial intelligence.

Academia

The TFM R&D group has a long-standing rela-
tionship with aviation transportation, operations
research, and human factors academic personnel
from the following universities:

• University of California, Berkeley

• Massachusetts Institute of Technology

• University of Maryland

• Ohio State University.

MAJOR ACTIVITIES AND ANTICIPATED 
FY 1999 ACCOMPLISHMENTS:

FAA/industry data exchange

• Complete prototype development and evalua-
tion of the data exchange for the initial NAS
status information (runway visual range
(RVR) data) (CDM Package #2)

• Complete concept exploration for dynamic
SUA information capabilities

Collaborative decisionmaking.

• Complete prototype development and evalua-
tion of Control by Time of Arrival capabili-
ties (CDM Package #2)

• Complete prototype development of Post Op-
erations Evaluation Tool (POET)

• Complete concept development and evalua-
tion for Collaborative Routing Coordination
Tool (CRCT) 

• Complete concept exploration phase of the
Dynamic Density analysis function

NAS flow analysis tools

• Complete concept development for Syste
Impact Assessment (Miles in Trail and Rou
ing)

• Complete concept exploration for the perfo
mance assessment and Compliance Monit
ing capabilities

KEY FY 2000 PRODUCTS AND MILE-
STONES:

FAA/industry data exchange

• Complete concept development phase f
dynamic SUA information capabilities

Collaborative decisionmaking

• Conduct prototype development and evalu
tion for CRCT 

• Complete concept development phase of t
Dynamic Density analysis function

NAS flow analysis tools

• Conduct prototype development for Syste
Impact Assessment (Miles in Trail and Rou
ing)

• Complete concept development for Progra
Analysis/Selection Tool (PAST)

• Complete concept development for the pe
formance assessment and Compliance Mo
toring capabilities

FY 2000 PROGRAM REQUEST:

In FY 2000, the TFM R&D program will be in the
final stages of providing the initial technical
functional, and procedural enhancements to t
operational Traffic Flow Management system th
form the basis of an FAA/industry collaborativ
decisionmaking environment. Concurrently, wor
will be maturing that will introduce significant
additional data exchange, decision support, a
near-real-time analysis capabilities that will mak
the collaborative capabilities envisioned in th
Free Flight concept a reality.
2-8 
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Program Schedule

FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004

A02a - Traffic Flow Management

Product and Activities

Enacted Request

 Total

Budget Authority 
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999 FY 2000

Contracts
Personnel Costs
Other Costs

4,000

 1,355
 2,195

450

 2,986
        0

0

    962
 2,107

431

3,287 5,4582,9863,500

2,332
916

39

2,880
2,435

143

021-110 Advanced Traffic Management System

Completed Prototype Development (PD) Phase

FAA/Industry Data Exchange

Aircraft Situation Displayed to Industry

Data Exchanged for GDP Enhancements

Daily Download

Simplify Substitutions

Initial NAS Status Information (NASSI) data exchange (RVR data)

Enhance NASSI Data

Advance NASSI Data Exchange

Collaborative Decision  Making (CDM)

Flight Schedule Monitor (FSM)

Ration by Schedule (RBS)

Schedule Compression

Control By Time of Arrival

Collaborative Routing Coordination Tool (CRCT)

Interactive Flight Planning

Dynamic Density Monitor

NAS Flow Analysis Tools

System Impact Assessment (Scheduling)

System Impact Assessment (Miles in Trail/Routing)

Program Analysis/Selection Tool (PAST)

Performance Assessment

Compliance Monitoring

        
        
2-9
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A02b Runway Incursion Reduction — [Program moved to 1999 Aviation System Capital Invest-
ment Plan (CIP) as S09 Runway Incursion Reduction Program (RIRP)]

Runway Incursion Reduction

GOALS:

Intended Outcomes: Develop technological and
nontechnological solutions that minimize the
chance of injury, death and damage, or loss of
property due to runway accidents/incidents within
the civil aviation system. Reduce runway incur-
sions by 15 percent from 1997 baseline.

Agency Outputs:

• Develop low-cost airport surface detection
equipment.

• Develop secondary surveillance capabilities
for the airport surface.

• Develop conflict-alerting and data fusion
platform.

• Investigate alternative options such as visual
aids (lights and signs), education, training,
and advisory circulars.

Customer/Stakeholder Involvement: The Air
Traffic Requirements office has been actively in-
volved in developing requirements to meet objec-
tives of reducing runway incursions. Additionally,
the FAA Administrator’s goal in her “Safer
Skies—A Focused Agenda” is to reduce runway
incursions by 15 percent in 1999, from the 1997
baseline of 318 incidents. Reducing runway in-
cursions is second on the National Transportation
Safety Board’s (NTSB) “Most Wanted List” of
safety improvements. 

Accomplishments: The following R&D projects
were accomplished in FY 1998:

• Completed final report of Raytheon x-band
radar at Milwaukee (Phase II)

• Completed final report of self-organizing
time division multiple access (STDMA) at
Atlanta

• Completed final report of EL-AR Electronics,
Ltd., frequency modulated continuous wave
(FMCW)

• Awarded contract to AOPA Air Safety Foun-
dation for general aviation (GA) pilots train-
ing and education video

• Completed acoustics evaluation/de-install
tion at Phoenix

• Completed joint FAA/NASA Runway Incur-
sion/Low Visibility Surface Operations Dem-
onstration at Atlanta

• Received Runway Incursion Reduction Pro
gram Mission Need Approval

• Completed evaluation of two industry com
mercial-off-the-shelf (COTS) low-cost airpor
surface detection sensors

• Received NAS change proposal approval f
Dallas-Ft. Worth

• Completed final report of NASA Terminal
Area Productivity (TAP) Demonstration a
Atlanta

• Completed installation of Vehicle automati
dependent surveillance broadcast (ADS-B
system at Dallas-Ft. Worth

R&D Partnerships:
• Memorandum of Agreement (MOA) with

NASA for Low-Visibility Landing and Sur-
face Operations (LVLASO) demonstration i
Dallas-Ft. Worth

• Research contracts on airport surface ope
tions in reduced visibility

• Raytheon (x-band radar)

• Dassault (phased-array radar)

• Sensis (Vehicle ADS-B)

• Questech (safety algorithms)

• General Working Agreement with Volpe Na
tional Transportation Systems Cente
(VNTSC)

• Contract with AOPA Air Safety Foundation

• Technology transfer 

Currently, runway incursion reduction technolo
gies—including low-cost radar, secondary su
veillance systems, conflict alerting systems, a
other alternatives with various contractors—a
being researched. After system evaluation is co
pleted, specifications will be developed for solic
iting competitive bids for production of success
fully demonstrated systems. Periodic briefings 
industry during the R,E&D phase will also b
2-10 
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conducted to inform industry of FAA’s require-
ments for runway incursion reduction solutions.

MAJOR ACTIVITIES AND ANTICIPATED 
FY 1999 ACCOMPLISHMENTS:

Dallas-Ft. Worth

• ASDE-3, Vehicle ADS-B, Surveillance Fu-
sion Platform (SFP) Integration

• Multilateration/ADS-B system (stand alone)

Low-cost surface detection equipment

• Complete test and evaluation and prepare fi-
nal report for Dassault ASDE-X

• Complete test and evaluation and prepare fi-
nal report for Raytheon ASDE-X

• Continue testing technology prototypes in-
cluding low-cost radar, conflict alerting sys-
tems, and other potential runway incursion re-
duction alternatives

Air Traffic

• Runway Incursion Action Teams

• Program Implementation Plan (PIP)

• Airport modeling/data reduction/facility test-
ing

• Human factors studies

• Tower Simulators

KEY FY 2000 PRODUCTS AND MILE-
STONES:

• Full System RIRP prototype demonstration at
Dallas-Ft. Worth

• FAA/NASA RIRP/LVLASO demonstration
at Dallas-Ft. Worth

• Air traffic activities including regional train-
ing, modeling/data reduction/facility testing,
human factors initiatives, and industry con-
ferences

FY 2000 PROGRAM REQUEST:

• In FY 2000, funding will provide for the Dal-
las-Ft. Worth Prototype Demonstration, in-
corporating real-time seamless surface sur-
veillance with data fusion, conflict alerting,
call sign identification, and information shar-
ing with air traffic controllers, pilots, and ve-
hicle operators.

• FAA/NASA Runway Incursion/Low-Visibil-
ity Surface Operations Demonstration at Da
las-Ft. Worth

• Implementation of activities consistent with
the 1998 Airport Surface Operations Safe
Action Plan, including Runway Incursion Ac
tion Team (RIAT) meetings

• Development of specification for low-cos
surface detection equipment

Surface Automation Research and Developmen

GOALS:
Intended Outcomes: The FAA intends to im-
prove the level of safety, increase airport capa
ity, and reduce costs and delays for aircraft op
ating on the airport surface by developing new a
tomation, communications, and information dis
tribution capabilities. These capabilities augme
operational decisionmaking processes and i
prove situational awareness of surface operatio
under all visibility and weather conditions.

SMA will provide air traffic controllers, airline
ramp managers, and airfield operators with u
precedented advisory and information sharing 
help minimize congestion and reduce delays 
the airport surface. Recipients of this information
sharing will be able to make informed decision
in managing airport surface resources. Speci
SMA goals include:

• Facilitate an electronic exchange of fligh
critical information among airlines, air traffic
control personnel, and airport operators

• Provide dynamic real-time data to help in
crease efficiency of ground movement oper
tions

• Predict surface events that impact operation
decisionmaking

• Help achieve at least 10 percent decrease
taxi-out delays

This coordination will improve safety by mini-
mizing the risk of collisions and increasing the e
ficiency of aircraft movements on airport runway
and taxiways. It will help meet system capaci
needs by reducing constraints/limitations at th
top level V delay/operationally impacted airport
while improving the automated infrastructure t
provide capacity-enhancing technologies and p
cedures. It will also create capabilities that ensu
2-11
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safe separation while imposing minimum con-
straints on system users.

Low/zero-visibility tower environment R,E&D
will develop augmentations to the air traffic tower
environment that can provide an operationally
useful, enhanced or synthetic view of the airport
surface during periods of low- or zero-visibility.
This will lead to improved safety and increased
use of airport surface capacity under low or zero
visibility conditions, and ensure that the airport
surface capacity is adequate to manage the in-
creased aircraft landing rates expected in the fu-
ture.

Agency Outputs: The surface automation re-
search and development program will produce
new tower surface management functions and
technologies, which will be validated in pre-pro-
duction prototype systems in an operational
tower/airfield environment. Included will be as-
sessments of airport operational effectiveness,
performance, and benefits to assist in the invest-
ment decisionmaking process. These activities
will result in functional packages and specifica-
tions that can be transferred for implementation
on the appropriate tower automation platform.
This program will also result in new air traffic
control, airline, and airport operating procedures
for managing aircraft on the airport surface.

The low/zero visibility tower environment
R,E&D program initiatives will develop proto-
type systems that provide synthetic views of the
airport surface under all restricted visibility con-
ditions.  This will lead to the definition of opera-
tional requirements, procedures, emerging tech-
nologies, and system requirements for continuous
operations under all visual conditions.

Customer/Stakeholder Involvement:

• The R,E&D program commits the FAA to in-
creasing airfield safety and reducing runway
incursions.

• The surface automation R&D involves the
airlines and airport operators through an un-
precedented sharing of dynamic, operation-
ally critical information.

• The R,E&D program has involved the cus
tomers and stakeholders from concept exp
ration through development of a prototyp
system at Atlanta Hartsfield International Air
port. air traffic controllers, airport authority
and aircraft operators have contributed to d
fining the functional performance of surfac
automation tools and have participated on t
program design and management teams.

Accomplishments: 

• Completed SMA concept evaluation and d
velopment 

• Installed SMA prototype at Atlanta Hartsfield
International Airport (2/96)

• Brought airport/ramp towers on-line (7/96)

• Completed Support Command/National A
Traffic Controllers Association (SUPCOM/
NATCA) testing and initial evaluation (9/96)

• Began operational assessment (10/96)

• Completed operational assessment (05/97)

• Completed SMA benefit analysis (10/97).

R&D Partnerships: The R,E&D program is be-
ing conducted in close partnership with th
NASA through the interagency ATM integrate
product team (IPT), a joint research and techn
ogy development program managed coope
tively by the FAA and NASA. The NASA Ames
Research Center is a key participant in the p
gram’s R,E&D activities.

Benefits to air traffic operators include an in
crease in terminal area situational awareness a
reduced radio frequency congestion.

MAJOR ACTIVITIES AND ANTICIPATED 
FY 1999 ACCOMPLISHMENTS:

• Sustained operational SMA prototype a
Atlanta Hartsfield International Airport

KEY FY 2000 PRODUCTS AND MILE-
STONES:

• Sustain SMA prototype at Atlanta Hartsfield
International Airport

FY 2000 PROGRAM REQUEST:

• Sustain SMA prototype at Atlanta Hartsfield
International Airport
2-12 
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Program Schedule

FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004

A02b - Runway Incursion Reduction

Product and Activities

Enacted Request

 Total

Budget Authority 
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999 FY 2000

Contracts
Personnel Costs
Other Costs

6,000

 4,950
872
178

 5,696
252
52

    2,457
 1,281

262

3,168 4.0826,0004,000

2,269
870

29

2,978
1,044

60

021-200  Surface Automation Research and Development
Sustain SMA Prototype at Atlanta Hartsfield International Airport

Surface Movement Automation Research and Development

Start User-Driven Collaborative Departure Scheduling Concept 
Development
Start User-Driven Collaborative Departure Scheduling Prototype 
Testing
Start Integration of SMA With Other ATM Functionality's Concept
Exploration
Start Integration of SMA With Other ATM Functionality's Concept
 Development
Start Integration of SMA With Other ATM Functionality's Prototype
 Development
Start Low Visibility Concept Exploration

Start Low Visibility Concept Development

Start Zero Visibility Concept Exploration

Start Zero Visibility Concept Development

021-250  Runway Incursion Reduction

Runway Incursion Plan

Update Project Plan

Complete Prototype Testing of Technologies
Phased Array Radar (Norfolk)

Select System(s) for full-scale validation testing
FMCW Radar

S-Band Radar

Phased Array Radar

Secondary Sensors

Data Fusion

Solution Implementation
Select System(s) for Acquisition

Develop the Final R,E&D Project Report

Complete Acquisition Specification

Contract Award

     

     
2-13
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A02c System Capacity, Planning and Improvements — [Program moved to 1999 Aviation System 
Capital Investment Plan (CIP) as M08 Continued General Support – Aviation System Capacity P
ning]

GOALS:

Intended Outcomes: The FAA intends to de-
velop an overall strategy to enhance capacity.
This includes both terminal and en route airport
and airspace assessment of procedures and capac-
ity-related technologies. It also includes develop-
ing a performance measurement system for the air
traffic system to measure FAA progress against
customer expectations. This strategy allows pro-
grams and projects, coordinating across budgetary
lines, to improve investment decisionmaking to
achieve optimal strategic and operational results.

Initiatives are implemented in aviation system ca-
pacity planning to increase the number of aircraft
operations per hour, reduce both en route and ter-
minal airspace delays, reduce controller work-
load, and increase savings. As a result, the FAA,
and the overall aviation community, will experi-
ence lower maintenance/operating costs. This
program: (1) complies with the Congressional
mandate to produce airport improvement plans;
(2) responds to the aviation industry’s high-prior-
ity initiatives for increased capacity; (3) responds
to the Presidential Commission on Improved Air-
line Competitiveness recommendations; and (4)
complies with the GPRA of 1993 and Executive
order on infrastructure investment requirements.

Agency Outputs: To comply with GPRA, ATS
has developed four areas of capacity-related out-
comes: flexibility, predictability, access, and de-
lay. These outcomes provide guidance and a
framework to enable any ATS R,E&D program to
successfully increase the value of services and, in
parallel, reduce the cost of these services to the
public. The capacity program strictly adheres to
the guidelines of the following four areas:

Flexibility

The FAA estimates that each year operators expe-
rience a minimum of $558 million in inefficien-
cies in the terminal and en route airspace. The ca-
pacity program provides models and simulations
that assess present shortfalls within the subject
airspace. These models and simulations determine
the delay, travel time, sector loading, and operat-

ing cost effects of all suggested redesign altern
tives. Results include:

• The redesign of Salt Lake and Dallas-F
Worth terminal airspace

• New arrival routes to Los Angeles and La
Vegas International Airports

• Airspace suggestion changes to Minneapol
St. Paul, based on construction of a new ru
way, at the request of the Minnesota Sta
Legislature

• Annual savings to the aviation industry at ai
ports and en route facilities estimate
between $450–$500 million annually

Predictability

Because it can impose capacity restrictions at m
jor airports, weather is the most dominant influ
ence on air transportation. Although many ai
ports are equipped with multiple runways (man
converging), their resources become extreme
restricted due to associated weather minima. T
capacity program establishes criteria to devel
and improve simultaneous converging instrume
approaches and has achieved the following 
sults:

• Reductions in the approach minima, ensurin
an average capacity gain of 30 arrivals p
hour

• Fundamental increases in the predictability 
the system

• Use (anticipated) of GPS

• Combined savings (estimated) to the air car
ers $40 million annually

Access

In the capacity program, the outcomes of predic
ability (the ability to land at a particular airport
and having access to that airport, are often cons
ered the same thing. Work required to accompli
these outcomes, however, is different. Predictab
ity establishes approaches to increase capacity 
der certain weather conditions. Access mode
simulate new technologies and procedures to e
sure that these technologies are compatible for 
airport in question. Examples include:
2-14 
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• Precision Runway Monitor—for closely
spaced parallel runways with center lines sep-
arated by 3,000 feet (reduced from 4,300 feet)

• Reduced separation of 2.5 nmi on final ap-
proach (reduced from 3.0 nmi)

• Dependent staggered approaches to closely
spaced parallel runways; stagger angle 1.5
nmi

• Offset Approach Course guidance for simul-
taneous operations at San Francisco, Newark,
and St. Louis airports

• Converging approach standards at Chicago
O’Hare International Airport

Delay

The major capacity program emphasis is to mini-
mize the impact of airport and airspace delay on
the overall NAS. One primary program focus is
responding to near-term, airport-driven capacity
issues. It is projected that by 2004, 29 of the top
50 airports will experience 20,000 hours or more
of annual delay. This is cause for concern within
the aviation industry. Delay reduction initiatives
undertaken to date include:

• The capacity program has completed more
than 50 airport enhancement projects.

• The program supports development of an
overall capacity strategy that considers airport
and technology conduct, measurement, and
assessment; and electronic tools develop-
ment and application to aid in forming that
strategy.

• Airfield improvements such as new runways
and runway extensions, improved approach
procedures, and new facilities and equipment
such as the precision runway monitor are be-
ing investigated.

• The improvements producing the greatest ca-
pacity increases, estimated delay reductions,
and delay cost savings, are described and rec-
ommended for implementation in the final
design plans.

• The top recommendations at any one airport
are estimated to save the aviation industry
$75–$100 million annually.

• Since 1994, based on recommendations, 18
new runways have been constructed at major
airports.

• Efforts are underway to accommodate Ne
Large Aircraft into the operational environ
ment.

The FAA’s airport and airspace design program
have the dual objectives of (1) addressing tactic
improvements, which respond to industry requir
ment shifts, and (2) large-scale investment ana
sis and optimization planning. The process pro
lem is identification at the local (regional) leve
with a high degree of coordination among a
fected facilities and user groups. Various pr
posed solutions to the problems are simulate
and the results are then compared to make inte
gent investment decisions.

Example

On the Dallas-Ft. Worth Metroplex project, whic
involved substantial AIP, F&E, and operationa
investment, the effects on the system of seve
airspace structures, including a “do nothing” sc
nario, were compared. Given the industry’s pla
to expand operations at Dallas-Ft. Worth, the FA
concluded it was best to expand the airport. Th
meant designing new airspace supported by u
graded navigation and communications capab
ties along with entirely new arrival and departu
procedures. This approach enabled the comm
nity to construct a new runway and ground infr
structure. It also enabled the industry to sched
growth and capital investment. 

This plan instilled confidence that there would b
a return on investment since the revised syst
could support anticipated demand. The indus
and local community, therefore, could comm
this expanded service to the public. The cumu
tive 20-year (1997–2016) estimated aircraft ope
ating cost savings based on the Dallas-Ft. Wo
Metroplex, East Runway, and New West Runwa
in 2003 is $13 Billion.

Customer/Stakeholder Involvement: Although
the FAA directs the entire capacity program, cu
tomers and stakeholders play active roles in 
success. Airport authorities from all concerne
airports, air carrier representatives, aviation inte
est groups, and FAA regional and local air traff
control personnel are an integral part of every a
space and airport capacity task force/project. Jo
American/European airspace study through E
ROCONTROL–Maastricht Center.
2-15
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The capacity program annually publishes the Avi-
ation Capacity Enhancement Plan to keep the avi-
ation world informed of progress and advance-
ments in the capacity arena. Both the national and
international aviation community regularly re-
quest this document. Scholars, as well as students,
in academia also request the document for their
aviation studies.

As previously stated in “Goals,” the overall ca-
pacity program parallels the Congressional man-
dates concerning airport improvement plans and
agency performance and results.

Accomplishments: Airport and airspace recom-
mendations and redesign studies have produced a
conservatively estimated $1.2 billion in savings to
the aviation industry. An accurate estimate is dif-
ficult because the improvements, either combined
or treated individually, are a direct cause of the
constant increase in traffic.

• Prototyped and tested the initial system per-
formance measures 

• Completed more than 50 major airport stud-
ies--some of which have been updated due to
growth (Estimated annual savings $75–$100
million per airport)

• Completed three major terminal/en route air-
space redesigns: (1) Salt Lake Terminal and
air route traffic control center (ARTCC), (2)
Dallas-Ft. Worth and Ft. Worth ARTCC, and
(3) Northern California terminal radar
approach control (TRACON)

The program’s achievements reach beyond U.S.
airspace. Inquiries about our modeling and design
methods and requests for assistance have been re-
ceived from countries in Asia and Europe (i.e.,
Schipol International Airport, Netherlands, and
the new International airport in Seoul, South Ko-
rea).

R&D Partnerships:  
• In accordance with the annex of the memo-

randum of understanding between the FAA
and Eurocontrol, the capacity program has es-
tablished a joint airspace technologies and in-
itiatives group to modernize international avi-
ation. The intended outcome is to meet com-
patibility requirements between the United
States and the rest of the aviation world in
such areas as Free Flight, the Global Position-

ing System, flight management system, prec
sion runway monitor, and other emergin
technologies.

• The FAA will partner with major air carriers
and business aviation aircraft in developin
financial management systems approaches

• The FAA will partner with NASA in using
performance measures developed by the 
pacity program for ATS in compliance with
the Congressional mandate for GPRA. Th
FAA will participate in joint computer simu-
lation modeling for TRACON systems in-
cluding the CTAS and the Standard Termin
Automation Replacement System (STARS).

• NASA Short Haul Civil Tiltrotor simulation
of proposed Simultaneous Non-Interferin
(SNI) Approach procedure.

MAJOR ACTIVITIES AND ANTICIPATED 
FY 1999 ACCOMPLISHMENTS:
• Continuously conducted research to develo

refine, and/or enhance high-level outcom
performance metrics; integrated these metri
into processes supporting GPRA require
ments and investment decisionmaking

• Completed redesign of Salt Lake City term
nal and ARTCC airspace in preparation fo
the 2002 Winter Olympics

• Initiated Offset Approach Course guidanc
for simultaneous operations at San Francisc
Newark, and St. Louis airports

• Develop new IFR approach and departu
concepts and procedures for improving th
safety and efficiency of operations at capaci
constrained airports

• Identify the impact and develop proposed s
lutions to the planned introduction of New
Large Aircraft in the NAS

• Initiated converging approach standards 
Chicago O’Hare International Airport

• Initiated Airport Design Studies at John F
Kennedy and La Guardia airports

• Initiated ground analysis at Phoenix Sky Ha
bor International Airport; completed at La
Vegas and Salt Lake airports

• Initiated redesign of Phoenix Sky Harbor te
minal airspace and Albuquerque and Seat
ARTCC’s
2-16 
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• Initiated efforts to accommodate New Large
Aircraft into the operational environment

• Completed Newark, La Guardia, Boston,
Tampa, and San Diego Airport Design Stud-
ies

• Initiated Airspace review for relocation of the
Honolulu Center Radar Approach Control
(CERAP)

• Initiated Airport Design Study at Baltimore-
Washington International Airport

KEY FY 2000 PRODUCTS AND MILE-
STONES:

• Continue developing new IFR approach and
departure concepts and procedures

• Identify and develop proposed solutions to in-
tegrate New Large Aircraft into the NAS

• Complete airport design studies at JFK and
Anchorage and ground analysis at Phoenix
Sky Harbor International Airport

• Redesign Honolulu and Phoenix terminal ai
space and Albuquerque and Seattle ARTCC

• Continue analysis of new and/or additiona
performance measures for the national a
space system

FY 2000 PROGRAM REQUEST:

In FY 2000, the program will focus on capacit
enhancement at all major airports as well as 
terminal and en route airspace. Primary focus 
eas are: (1) airports where construction of su
gested improvements can be completed within
to 3 years; and (2) air traffic radar facilities wher
airspace redesign reduces controller workload a
provides the aviation industry with additiona
flexibility and predictability during flight.

In addition, the program will continue to fine tun
air traffic system performance measures. The
efforts will concentrate on reducing the cost o
service delivery by targeting and coordinating in
vestments across appropriations.
2-17
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Program Schedule

FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004
A02c - System Capacity, Planning and Improvements

Product and Activities

Enacted Request

 Total

Budget Authority 
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999 FY 2000

Contracts
Personnel Costs
Other Costs

8,950

 3,676
 4,377

897

 1,354
        2,196

450

3,602
 4,480

918

3,000 9,2234,0009,000

228
2,408

364

6,064
2,891

268

024-110 Aviation System Capacity Planning

Enhance/Design Plans & Consolidated Ops & Analysis Systems
Aviation Capacity Enhancement Plans (Annual)

Regional/Airport Design Team Plans

Performance Measurement/Government Performance Results Act

Airspace/Airport Analysis

Completed Airspace Redesign Las Vegas,  Salt Lake Terminal & 
ARTCC
Redesign or Analysis of Phoenix, Seattle ARTCC & Albuquerque 
ARTCC
Integrated Measures into the Budget Process and GPRA

Performance Reports for Investment Decisions

Facilities Airspace in Preparation for 2002 Winter Olympics

Completion of Newark, Las Vegas, Boston, and San Diego Airport
 Design Studies
Analysis of New and/or Additional Performance for the National 
Airspace System
Ground Analysis of Phoenix Sky Harbor International Airport

Anchorage Design Team Project

Analysis of Low Level Routes Between Northern and Southern 
California
Ground Analysis For Pittsburgh and Kansas City Airport

San  Francisco Ground Task Force

Development of Simultaneous Offset Instrument Approach for San 
Francisco, St. Louis, and Newark Airports
Converging Approach Standards at Chicago O’Hare Airport

Accommodate New Large Aircraft into the Operational
 Environment

023-120 Separation Standards

Reduced Horizontal Separation Minimization

Complete Annual Regional Traffic and Aircraft Performance 
Monitoring & Analysis
2-18 
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A02d Cockpit Technology— [Program moved to 1999 Aviation System Capital Investment Plan 
(CIP) as M37 Cockpit Technology]

GOALS:
Intended Outcomes: The FAA intends to im-
prove system safety by upgrading a viable air-
borne collision avoidance capability to mitigate
the risk of mid-air collisions.

The Traffic Alert and Collision Avoidance Sys-
tem (TCAS) is an avionics capability to warn pi-
lots of proximate aircraft and to provide informa-
tion and guidance for collision avoidance.
TCAS I provides traffic advisory information in-
dicating the range, bearing, and altitude of intrud-
ing aircraft. Pilots use this information to visually
acquire intruders and maintain separation.
TCAS II provides traffic advisory information as
well as resolution advisories in the vertical plane.
Resolution advisories indicate maneuvers (e.g.,
“climb”) for collision avoidance.

Agency Outputs: The FAA provides the techni-
cal characteristics (technical standard orders) for
TCAS avionics and certification guidance (advi-
sory circulars) for installation and operation of the
system. The R,E&D program develops the techni-
cal and operational information to support these
products and is working with the TCAS user com-
munity to collect and analyze data to maintain and
enhance TCAS.

Currently, the principal focus of the TCAS pro-
gram is completion of the design and implementa-
tion of Change 7 to TCAS II. This change incor-
porates more than 300 detailed modifications to
the surveillance and collision avoidance algo-
rithms and displays in TCAS II avionics equip-
ment. These changes have been developed based
on 8 years of TCAS II operation in the United
States and Europe and have been developed in
partnership with industry and users. TCAS II
Change 7 has also been selected by ICAO as the
worldwide standard for airborne collision avoid-
ance. Timely implementation of Change 7 is es-
sential for the continued safe and effective em-
ployment of TCAS II.

The second annual report of TCAS activity will
be provided to all interested organizations to re-
view ongoing progress and update future activity.
The FAA will develop and implement plans for
future applications of TCAS (e.g., Free Flight) in

close collaboration with industry and govern
ments.

Customer/Stakeholder Involvement: The FAA
has developed TCAS in collaboration with the do
mestic and international aviation communities. 
particular, the R,E&D effort supports RTCA Spe
cial Committee (SC) 147 and the ICAO Secon
ary Improvements and Collision Avoidance Sy
tem (SICAS) Panel in their efforts to finalize do
mestic and international standards for airbor
collision avoidance systems. RTCA SC 147 pr
vides the principal forum for collaboration amon
industry, aircraft operators (i.e., TCAS users), a
FAA representatives in developing technical sta
dards for avionics. It also provides the princip
means for transferring TCAS technology to in
dustry.

The FAA TCAS program responds to the requir
ments of Public Laws 100-223 and 101-23
which establish requirements and time frames 
air carrier equipage with TCAS II. TCAS I also
responds to CFR 135.180.

The TCAS program will directly support the
RTCA Free Flight Action Plan, Future Air Navi-
gation System (FANS) implementation, reduce
aircraft spacing standards, oceanic operation, a
in-trail climb.

ICAO has been closely monitoring and assistin
in TCAS development for many years. Based 
TCAS success in the United States, EUROCO
TROL has mandated the use of TCAS in Eur
pean airspace in the year 2000. Australia has
similar mandate in place for 2000. Several Paci
Rim countries (e.g., Japan, India) will also ma
date use of TCAS. The FAA is supporting thes
activities.

Accomplishments: TCAS II has been installed
on all commercial aircraft operating in U.S. air
space with more than 30 passenger seats. TCA
or TCAS II is installed on all commercial aircraf
with 10 to 30 passenger seats. The U.S. milita
has begun installation of TCAS II on all larg
transport category aircraft (e.g., C-130, C-14
KC-135, KC-10, etc.) The FAA is working with
the services to ensure that their unique military r
quirements for TCAS are met. More than 15,00
2-19
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aircraft around the world have TCAS systems on
board; about 180 million hours of system opera-
tions have been accumulated. TCAS has been
credited with averting near midair collisions in a
significant number of documented encounters.

R&D Partnerships:  The FAA is coordinating
TCAS program activities with related interna-
tional efforts through ICAO and EUROCON-
TROL. A principal consequence is that technical
standards finalized by RTCA SC 147 have been
incorporated into ICAO standards and recom-
mended practices that will be used worldwide.
ICAO member states, primarily the United King-
dom and Germany, have worked and are working
with the FAA on a number of critical develop-
ments to ensure that TCAS operates properly in
their airspace.

MAJOR ACTIVITIES AND ANTICIPATED 
FY 1999 ACCOMPLISHMENTS:

TCAS I
• Completed TCAS I transition program

• Continued data collection and analysis to sup-
port TCAS I implementation

TCAS II
• Began implementing Change 7 within the

user community

• Initiated data collection and analysis to sup-
port Change 7 implementation

• Continued support to industry to resolve
TCAS II implementation and user issues

• Issued first annual report on TCAS II
Change 7 performance

KEY FY 2000 PRODUCTS AND MILE-
STONES:

TCAS I
• Continue support for TCAS I implementation

and use by industry

TCAS II

• Continue support to industry and the intern
tional community to resolve TCAS II imple-
mentation and user issues; identify specif
functional TCAS parameters and algorithm
that require modification to permit safe an
effective implementation of new ATC opera
tional procedures, such as Free Flight

• Prepare second summary report on the ope
tion and effectiveness of TCAS II Change 7

FY 2000 PROGRAM REQUEST:

In FY 1999, the user community began major im
plementation of Change 7; this effort will con
tinue in FY 2000. While FAA does not fund thi
implementation activity, FAA resources are re
quired to resolve issues associated with Chang
installations.

Data analysis efforts supporting TCAS I an
TCAS II will continue. These efforts use informa
tion provided by industry, users, pilots, air traffi
controllers, and FAA facilities describing techn
cal and operational difficulties experienced du
ing system implementation. A team of TCAS pro
gram experts follows up on every event report
to identify both the source of the difficulty and 
remedy to prevent its occurrence. This analys
and follow-up activity has been essential to th
successful introduction of TCAS into operationa
service.

Working jointly with industry and the TCAS use
community, the FAA will initiate an effort will to
define the specific changes to TCAS, which wi
be necessitated because of future changes in A
operations. This project element will be coord
nated with ongoing Free Flight efforts and relate
work at NASA. 
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Program Schedule

FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004
A02d - Cockpit Technology

Product and Activities

Enacted Request

 Total

Budget Authority 
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999 FY 2000

Contracts
Personnel Costs
Other Costs

3,000

 1,032
 1,633

335

 1,765
        1,913

392

    4,256
 1,804

370

1,000 2,8564,0706,700

0
1,000

0

1,219
1,498

139

022-110 Traffic Alert & Collision Avoidance System (TCAS) 

TCAS  I
Completed TCAS I Transition Program
Continued Data Collection and Analysis to Support the 
Implementation of TCAS I

Continued Support for Implementation and Use of TCAS I
by Industry

TCAS II
Began Implementation of Change 7 Within the User 
Community

Initiated Data Collection and Analysis to Support Change 7
Implementation

Continued Support to Industry to Resolve TCAS II 
Implementation and Use Issues

Completed Summary Reports on TCAS II Change 7

Continued Support for Implementation and Use of TCAS Il 
by Industry

Identify specific TCAS Changes needed to support new 
ATC procedures
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A02e General Aviation and Vertical Flight Technology Program — [Program moved to 1999 Avia-
tion System Capital Investment Plan (CIP) as M35 General Aviation and Vertical Flight Technolog]

GOALS:

Intended Outcomes: The General Aviation and
Vertical Flight (GA&VF) technology program
supports GA demands through applied research
and development, especially for communications,
navigation, and surveillance (CNS) technologies.
These technologies support cost-effective air traf-
fic services, improve safety, and expand NAS ca-
pacity and efficiency, especially where CNS ser-
vices are not currently available to GA users.
GA&VF program products are integral to NAS
modernization.

General aviation is one of the most diverse and
productive elements of aviation. In addition to the
traditional single- and multi-engine airplanes, GA
users fly experimental aircraft, helicopters, and
tiltrotors (known as “vertical flight aircraft”),
business jets, and historic aircraft. The GA com-
munity includes lifesaving airborne emergency
medical services (EMS) and law enforcement ser-
vices, and is the first line of response in state and
local disaster relief operations. The economic im-
pacts of GA are global, but no other nation in the
world produces more GA&VF aircraft and related
goods and services than the United States. GA is a
gross exporter of goods and services and provides
the U.S. economy a positive balance of payments
impact.

General aviation users currently rely on existing
procedures and air traffic services, but many can-
not take full advantage of them because of tech-
nological and economic limitations. Helicopters,
for example, must operate heliport-to-heliport to
support customers and the public more efficiently.
For example, they need different instrument ap-
proaches that curve and support deceleration to
land and depart from small landing areas. 

The FAA GA&VF R,E&D program supports re-
search and development across the full spectrum
of GA operations. The program’s research areas
align with the most critical components for GA
participation in the NAS-terminal operations: en
route communications and navigation, landing fa-
cilities, airmen and controller training, and low-
cost avionics.

Vertical flight terminal instrument procedure
(TERPS) efforts support the terminal flight aren
Low-altitude CNS research provides critical da
and evaluations for future low-altitude en rout
infrastructure to support Free Flight. TERPS c
pabilities facilitate implementation and use of ad
vanced technology in the cockpit and at the co
trollers’ workstation for GA needs. These effort
are interrelated and support mutual requireme
without duplication or added costs. 

Intended Outcomes: The GA&VF R,E&D pro-
gram focuses on the outputs and products of 
larger research efforts, as identified in the NA
Architecture planning process and major R&
programs such as GPS Satellite Navigation. T
GA&VF R,E&D efforts are not duplicated in
these and other FAA R,E&D programs. The G
program area is a collaborative and compleme
tary effort, tailoring the successes and achiev
ments of other, broader-scope efforts into affor
able products and tangible benefits for GA. Ou
comes of this program support the following str
tegic goals of the GPRA:

• Improved level of safety: ATS R,E&D miti-
gates the risk of low-altitude airborne colli
sions by adapting affordable GPS-based s
veillance technology at GA airports, heli
ports, popular resorts and national parks, a
in congested terminal areas. This is done 
providing traffic information directly to the
GA pilot via cockpit displays of traffic infor-
mation (CDTI).

• Improved flexibility: The ATS R,E&D pro-
gram goals ensure a collaborative and ful
integrated air traffic control system. Fre
Flight technologies and procedures are idea
suited to allow GA users to operate at alt
tudes, speeds, and routes that provide mo
support to their missions and recreation
uses. The GA&VF R,E&D program identi-
fies, develops, and evaluates technology 
satisfy user needs and support the over
goals to maintain a fully integrated air traffic
control system focusing on GA use of Fre
Flight procedures.
2-22 
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• Improved predictability: With more access to
weather services via data link and short-term
weather information to GA users, ATS
R,E&D allows more aircraft to operate safely
in close proximity during periods of reduced
visibility and adverse weather conditions.

• Reduced delays: This program researches and
develops technology and procedures that en-
hance the utility of GA facilities. It comple-
ments the goals of the air traffic management
program and traffic throughput automation
systems. Affordable and effective non-radar
navigation and communication systems (in-
stalled at the more than 17,000 GA airports)
will attract more GA users to these facilities
and away from the busier hub airports. Also,
providing increased IFR capabilities at these
airports will reduce GA users’ demands at
major hub airports during periods of bad
weather and poor visibility.

• Improved access: This program is a key ele-
ment in the ATS R,E&D strategic goal to
make access to navigation and landing ser-
vices nearly universal. GPS makes accurate
navigation and landing signals available in
the large volume of low-altitude airspace not
currently covered by land-based landing sig-
nals. Investing in the development of GPS in-
strument approaches planned for use at major
medical trauma centers and hospitals nation-
wide will save hundreds of lives each year.

• Reduced costs: This major ATS GA&VF
R,E&D program goal contributes to overall
goals of eventually phasing out the expensive
ground-based infrastructure. The application
of low altitude CNS equipment contributes to
this cost savings.

Agency Outputs: Although the private sector de-
signs and develops specific technologies to ac-
complish these outcomes, the ATS R,E&D GA
program helps generate design criteria, publish
advisory circulars and training documents, and
provide for collaborative technology integration
with the current and future NAS. This program
area also provides technical and management ex-
pertise to establish highly successful partnerships.

Rotorcraft IFR procedures and infrastruc-
ture development

This research emphasizes the following efforts:

• The Vertical Flight Precision GPS TERPS
project is the primary effort producing new
precision instrument approaches at helipo
and GA airports using GPS. This effort is th
key R&D component supporting the overa
GPS Satellite Navigation effort leading to fu
operating capability (FOC) for rotorcraft a
part of WAAS. Because existing IFR instru
ment approach criteria are based on airpla
performance characteristics, these existi
IFR approaches do not support most of th
missions demanded by IFR helicopters.

This project develops criteria and desig
parameters that provide more effective an
affordable instrument approaches to hospita
and corporate and urban business district he
ports. Outputs include vertical flight TERPS
criteria; certification procedures for potentia
supplemental-type certificates (which perm
existing aircraft to add new technologie
safely); IFR EMS procedures; and IFR EM
training guidelines and design standards su
as minimum operational performance sta
dards, minimum aviation system performanc
standards and technical standard orde
These standards, advisory circulars, an
guidelines support planned implementatio
over the 5-year (1998–2002) schedule for u
to 10 medical trauma centers, 150 comme
cial heliports, 5 DOD aviation facilities, and 3
vertiports (slightly larger heliports designe
to accommodate the new civil tiltrotor air
craft).

This program area supports joint DOD an
manufacturers’ research. The research eva
ates cockpit displays design standards a
symbology, air traffic procedures, and air
space requirements for new vertical flight ai
craft (i.e., the BB-609 civilian tiltrotor, as
well as the military V-22 Osprey tiltrotor).

• The low-altitude CNS infrastructure project
produce route system guidelines, cockpit di
play guidelines, noise abatement procedur
terminal and en route system integratio
plans for low-altitude CNS operations, an
2-23
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cost-benefit analyses to improve NAS effi-
ciency and safety. 

Customer/Stakeholder Involvement: The GA
program directly supports goals and programs de-
lineated in Challenge 2000, the Aviation Safety
Plan, the RTCA Free Flight Action Plan, and
NAS architecture development. The program em-
phasizes GA&VF community’s direct needs (heli-
copters and tiltrotors). 

In setting a “zero accidents” goal, Challenge 2000
found that between 1986 and 1994, GA opera-
tions accounted for the greatest number of acci-
dents in the NAS (44,102 of 48,164 accidents re-
corded by the NTSB were attributed to GA). Be-
cause flight crew problems accounted for 19,388
GA accidents, the GA program targets flight crew
training as a key research element. Other impor-
tant causal factors were environment (7,146) and
facilities (4,867).

The Aviation Safety Plan calls for “implementa-
tion of a GPS-based ADS capability . . . that the
FAA deems appropriate.” The plan sets goals for
training airmen and operational personnel in us-
ing new technology and for upgrading practical
testing standards. The plan identifies goals for
GPS-based category CAT I, II, and III landing ca-
pability. Work is underway to research rotorcraft
GPSCAT I procedures. Specific stakeholders in-
clude:

• Helicopter Association International

• American Helicopter Society

• National Business Aircraft Association

• Experimental Aircraft Association

• General Aviation Manufacturers Association

• Small Aircraft Manufacturers Association

• National Association of State Aviation Offi-
cials

• Association of Aeronautical Medical Services

• National Emergency Medical Services Pilots
Association

• Airborne Law Enforcement Association

Advanced General Aviation Transport Experi-
ment
Accomplishments: Following are FY 1997 and
FY 1998 accomplishments:

Air and ground infrastructure development
• Completed initial flight testing for CAT I

GPS precision approach TERPS criteria

• Completed initial planning for the Alaska low
altitude demonstration project

• Completed obstacle rich environment repo
(September 1998)

• Developed and published the advisory circ
lar, Integrating Rotorcraft Assets into Disas
ter Relief Planning

• Coordinated development of the advisory ci
cular Vertiport Design Guide

Civil tiltrotor technology analyses
• Initiated action to introduce tiltrotor technol

ogy into the NAS planning process

Aircraft avionics for single-pilot IFR
• Coordinated and implemented agreeme

with EAA to jointly explore advanced tech-
nology avionics for single-pilot GA aircraft

• Conducted installation and flight test o
advanced technology for avionics by GA air
craft in experimental GlaStar aircraft

R&D Partnerships:  Historically, the GA&VF
R,E&D program has had a unique R&D partne
ship with industry. A partnership of 12 private
sector companies and corporations, working t
gether with GA&VF program teams, develope
the initial GPS nonprecision approaches for roto
craft. The successes of Operation Heli-STAR, 
applied technology proof of concept demonstr
tion conducted as part of the 1996 Summer Olym
pic Games, were due to the effective teamwork
over 230 individuals from over 30 public and pr
vate organizations. 

This partnership has now evolved to an ev
higher and more efficient level of integration
Working with the various lines of businesse
within FAA (AFS, ATS, ASC, ASY), the
GA&VF program is now guided by top level pol
icy and technical direction from the Administrato
and Associates. Further, the GA&VF program 
the product of very close planning and impleme
tation by the two major CNS research and acq
sition product teams, the Satellite Navigatio
Product Team (AND-730) and the GA&VF Prod
uct Team (AND-710), to maximize accomplish
ments and preclude duplication. Also, the William
2-24 
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J. Hughes Technical Center and the Rotorcraft
Certification Directorate are now an integral part
of the overall team.

MAJOR ACTIVITIES AND ANTICIPATED 
FY 1999 ACCOMPLISHMENTS:
• Publish CAT I GPS precision approach

TERPS criteria for WAAS

• Continue GlaStar Advanced Avionics flight
test and demonstration evaluations for single-
pilot IFR operations

• Develop Civil Tiltrotor Infrastructure Devel-
opment Plan

• Develop EMS IFR infrastructure develop-
ment plan that will support GPS IFR opera-
tions at hospitals and trauma centers as part of
5-year program

KEY FY 2000 PRODUCTS AND MILE-
STONES:
• Establish joint FAA/DOD low-altitude routes

system testbed at Quantico, Va

• Develop and publish design and trainin
guidelines for installation and use of ad
vanced avionics for single-pilot IFR based o
GlaStar demonstration flight-testing

• Publish initial civil tiltrotor infrastructure
planning requirements (terminal operation
for integrating CTR aircraft into urban and
congested terminal areas 

FY 2000 PROGRAM REQUEST:

• Continue FAA research to safely and effe
tively introduce tiltrotor technology into the
NAS

• Continue research leading to establishin
CAT II/III GPS precision approach TERPS
criteria for vertical flight aircraft operations

• Continue research supporting use of advanc
avionics (including GPS navigation and su
veillance systems) for single-pilot IFR opera
tions
2-25
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Program Schedule

FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004
A02e - General Aviation and Vertical Flight Technology

Product and Activities

Enacted Request

 Total

Budget Authority 
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999 FY 2000

Contracts
Personnel Costs
Other Costs

2,600

 1,486
 925
189

 0
        0

0

   2,085
 427

88

2,902 2,52002,600

1,462
1,240

200

681
1,716

123

022-141  Low-Cost Avionics

Single pilot IFR Advanced avionics for GA&VF

Developed flight test plans for small airplane and helicopter 
advanced avionics applications

   

Conduct low altitude IFR corridor flight evaluations of WAAS 
based GPS navigation and non radar surveillance technology

Conduct EMS IFR flight evaluations using WAAS GPS

022-142 Rotorcraft Instrument Flight Rules (IFR) Procedures

Air and Ground Infrastructure Development

Completed Flight Testing for Category (CAT) I GPS TERPS Criteria

Completed Obstacle-Rich Environment (ORE) Report

Develop CAT II Rotorcraft TERPS Criteria

Complete CAT II & Continue CAT III GPS TERPS Research

Civil Tiltrotor Technology Analyses

Develop Civil Tiltrotor Infrastructure Development Plan

Initiate FAA Research to Safely and Effectively Introduce Tiltrotor 
Technology into the NAS
2-26 
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A02f Safe Flight 21 — [Program moved to 1999 Aviation System Capital Investment Plan (CIP) a
M36 Alaska Capstone Initiative/Safe Flight 21 (FICS 21)] and S10 ADS-B Ohio Valley Prototype
Project - Safe Flight 21]

GOALS:
Intended Outcomes: Safe Flight 21 is a govern-
ment/industry initiative designed to demonstrate
and validate, in a real-world environment, the ca-
pabilities of advanced communications, naviga-
tion, surveillance, and air traffic procedures asso-
ciated with Free Flight. The program will be a
step in implementing any capabilities that prove
to be beneficial. Specifically, Safe Flight 21:

• Enhances safety

• Increases system capacity and efficiency

• Maximizes user equipage costs and FAA op-
erational costs

• Addresses pilot and controller human factors
issues

• Develops and assesses new operational proce-
dures and associated training

• Streamlines certification processes and proce-
dures.

• Develops a cost-effective avionics and NAS
infrastructure

• Defines a realistic NAS transition path sup-
ported by the user community

Agency Outputs: Safe Flight 21 is essential to
the risk mitigation and evolution of the NAS. The
program will address the risks and challenges of
fielding the advanced communications, surveil-
lance, and navigation systems, such as ADS-B,
CDTI, Flight Information Services (FIS), and
TIS.

Under the leadership of RTCA, user participants
have committed to spending resources to accom-
plish the Safe Flight 21 objective:

“To show that integrated CNS technological
capabilities can provide functional enhance-
ments that will produce operational benefits
and sufficient cost/benefit to justify imple-
mentation. FAA policies and decisions should
be based upon the ongoing results of this pro-
gram.”

This objective will be achieved through the fol-
lowing:

1. Evaluating the three ADS-B links
(1090MHz, UAT, and VDL Mode 4)

2. Conducting operational evaluations of th
nine operational enhancements identifie
by RTCA:
– FIS for SUA status, weather, windshear, n

tices to airmen (NOTAM), and pilot reports
(PIREP)

– Cost-effective controlled flight into terrain 
(CFIT) avoidance through graphical posi-
tion display

– Improved terminal operations in low-visi-
bility conditions

– Enhanced see-and-avoid

– Enhanced operations for en route air-to-ai
communications

– Improved surface navigation

– Enhanced airport surface surveillance for 
controllers

– ADS-B for surveillance in non-radar air-
space

– Establishing ADS-B-based separation stan
dards

Customer/Stakeholder Involvement: Safe
Flight 21 is the new name for the restructure
Flight 2000 program that had many of the sam
projected outcomes. The change, made in Aug
1998, resulted from inputs from the RTCA Sele
Committee on Free Flight Implementation at th
request of the FAA Administrator. The Saf
Flight 21 program is a jointly developed program
and is strongly endorsed by the RTCA Free Flig
Steering Committee. The Safe Flight 21 steeri
committee includes RTCA Select Committee re
resentatives from AOPA, ALPA, National Air
Traffic Control Association (ATCA), Cargo Air-
line Association (CAA), and U.S. Airways.

Accomplishments: 

• Established the Safe Flight 21 program offic

• Obtained FY 1999 funding to support th
CAA work and the Alaska Capstone program
2-27
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• Began work to provide details for risk mitiga-
tion activities, site locations, number of air-
craft required, cost, and schedule

R&D Partnerships: The Safe Flight 21 program
is based on the principle that government and in-
dustry will share in the development of a global
air transportation system as we move into the Free
Flight era.

The FAA will partner the aviation industry in sup-
porting Safe Flight 21. This will allow the FAA to
build on ongoing industry initiatives. It will also
allow industry and the FAA to fund avionics and
ground systems. Safe Flight 21 will build on the
Alaska and CAA activities by addressing:

• ADS-B technology issues

• Cockpit human factors issues

• Use of FIS to receive weather and other infor-
mation

• An integrated cockpit display of terrain, traf-
fic, and weather information

Work with the CAA will be addressed by a Coop-
erative Research and Development Agreement
(CRDA).

Organizations representing controllers and com-
mercial and general aviation pilots are included in
Safe Flight 21 planning and in evaluation of the
operational enhancements and data link alterna-
tives.

MAJOR ACTIVITIES AND ANTICIPATED 
FY 1999 ACCOMPLISHMENTS:
During FY 1999, the FAA will accomplish the
following tasks to implement the Safe Flight 21

program in the Ohio Valley, which will suppor
the CAA ADS-B evaluation work and the Alask
Capstone program:

• Procure and install ADS-B ground stations

• Procure and install FIS and AWOS in Alaska

• Procure and install avionics in FAA and
Alaska aircraft (CAA provides avionics in
CAA aircraft)

• Initiate operational evaluation of the first five
of nine operational enhancements

• Initiate procedures development

• Evaluate the three ADS-B links

KEY FY 2000 PRODUCTS AND MILE-
STONES:

Avionics and ground systems

• Complete the above procurement activitie
as needed

Engineering and operational evaluation

• Complete the Safe Flight 21 program plan

• Continue operational evaluation for the nin
operational enhancements

• Continue procedure development and certi
cation tasks

FY 2000 PROGRAM REQUEST:
FY 2000 funding completes procurement of av
onics and ground systems necessary for the ope
tional evaluations. Funding also provides for th
operational evaluation, procedures developme
and certification tasks.  
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Program Schedule

FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004
A02f - Safe Flight 21 (Capstone Initiative/Ohio Valley

Product and Activities

Enacted Request

 Total

Budget Authority 
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999 FY 2000

Contracts
Personnel Costs
Other Costs

0

 0
0
0

0
        0

0

    0
0
0

0 16,00000

0
0
0

16,000
0
0

025-150 Safe Flight 21 (Capstone Initiative/Ohio Valley)

Operational Enhancements
Provide Weather and Other Information to the Cockpit

Provide Affordable Means to Reduce Controlled Flight into Terrain

Improved Capability for Approaches in Low Visibility Conditions

Enhanced Capability to See and Avoid Adjacent Traffic

Enhanced Capability to Delegate Aircraft Separation Authority to
the Pilot
Improved Capability for Pilots to Navigate Airport Taxiways

Enhanced Capability for Controllers to Manage Aircraft and 
Vehicular Traffic on Airport Surface
Provide Surveillance Coverage in Non-radar Airspace

Provide Improved Separation Standards

Data Link Evaluation

Program Management and Support

Flight Information Services Available (including Graphical 
Weather)
ADS-B Surveillance and Separation Services Available

Micro-EARTS/ADS-B Modification Complete
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A02g Operations Concept Validation — [Program moved to 1999 Aviation System Capital Invest-
ment Plan (CIP) as M08 Continued General Support – Operations Concept Validation)]

GOALS:

Intended Outcomes: Integrated guidance will be
provided to the aviation community for the devel-
opment and transition to a modernized NAS, in-
cluding system specification, roles and responsi-
bilities, and procedures, training, and certification
requirements.

The RTCA Free Flight Steering Committee, the
FAA’s RE&D Advisory Committee, the White
House Commission on Aviation Safety and Secu-
rity, and numerous other members of the aviation
community have called for development and vali-
dation of a Concept of Operations for Moderniza-
tion. This concept is to be used as the driver and
the integration guidance for the transition from
the current rigid procedures and outdated failing
infrastructure to a Free Flight environment. The
RTCA Task Force 3 provided the modernized
NAS capability descriptions sought by the user
community. The validated operational concept de-
scribes how each part of the NAS, both ground
and air, interacts to provide the capabilities while
transitioning to a new infrastructure involving
planners, pilots, service providers, and systems.

Agency Outputs: The agency provides:

• A well-defined and well-understood “vali-
dated” operational concept thoroughly de-
scribed based on system modeling and simu-
lation

• Validated, integrated, configuration managed
requirements for the subsystems of the new
target system to provide a coherent, compre-
hensive framework to guide the associated re-
search and development activities (e.g., spe-
cific requirements for ADS-B capabilities,
Surface Management capabilities, Advanced
Concept Probe, etc.)

• Top-level designs for the major new ATM ca-
pabilities and subsystems associated with the
operational concept (e.g., the ground-based
and airborne information infrastructures re-
quired for modernization and the design of a
capability to dynamically tailor an air traffic
controller’s airspace responsibility to more
efficiently accommodate traffic demand)

• A system-level safety assessment of the op
ational concept and associated new capab
ties

• A risk-mitigation plan to guide developmen
activities for new capabilities

• A human factors validation plan that provide
a comprehensive roadmap of activities 
assure that new functionality will be opera
tionally acceptable to flight crews and con
trollers.

Customer/Stakeholder Involvement: The
RTCA Select Committee for Free Flight Imple
mentation cooperates in operational concept d
velopment and validation. Its ATM Operationa
Concept Subcommittee participates to provide t
user perspective and detail into both the initi
narrative as well as each additional layer of deta
The participation ensures that the concept refle
user community requirements and is essential 
validating the concept for a modern NAS base
on a shared, integrated infrastructure.

Accomplishments: The vision for the modern
NAS has been developed and published in t
Government/Industry Operational Concept fo
Free Flight (RTCA, August 1997) and A Concept
of Operations for the NAS Airspace System 
2005 (Air Traffic Services, September 1997)
These documents have provided guidance to 
development of the NAS Architecture Versio
4.0. Additional details appear in the appendices
this document.

Starting in FY 1999, activities to be initiated in
clude validation of concepts and associated to
level designs, risk-mitigation planning, and coo
dination of a validation plan with the human fac
tors activity.

R&D Partnerships:  This work directly relates to
the FAA/NASA Memorandum of Understanding
(MOU) on ATM research and development. Wor
under this program is coordinated through th
joint Integrated Product Team Plan to ensu
NASA's efforts complement and are integrate
into the NAS Operational Concept. NASA con
tributes to the development and validation o
flight deck concepts and in the far-term ATM sys
tem development. 
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The concept development and concept validation
effort is also coordinated with the European com-
munity via agreements with EUROCONTROL.
This effort ensures that unique solutions/transi-
tions are not developed in different quadrants of
the globe, which would impose an undue burden
on U.S. carriers, manufacturers, and other partici-
pants in the global airspace system.

MAJOR ACTIVITIES AND ANTICIPATED 
FY 1999 ACCOMPLISHMENTS:

Operational concept development

• Developed task assignment information and
information performance requirements based
on the operational needs and requirements
concept document for 2005

• Performed engineering technical task analysis
and developed related concept documents for
the 2005 mid-term

• Developed scenario descriptions based on
engineering technical task analysis concept
document for the 2005 midterm

Concept validation

• Developed executable information flow tool

• Performed operational analysis, including
fast-time simulation

• Conducted joint FAA/NASA/user concept
validation activities, including human-in-the-
loop simulations

KEY FY 2000 PRODUCTS AND MILE-
STONES:

Operational concept development

• Develop detailed concepts for individual ser-
vice enhancement and domains to support the
development of system level requirements for
modernization

• Complete development of quantitative mea-
sures and goals for midterm concept capabili-
ties

• Develop task assignments and informatio
performance requirements for 2015 oper
tional concept

• Develop scenarios based on engineering te
nical task analysis concept document for th
2015 concept

Concept validation

• Develop test-bed for modernization

• Perform operational analysis, including fas
time simulation

• Conduct joint FAA/NASA/user concept vali-
dation activities, including human-in-the-loop
simulations

Concept system design

• Conduct analysis of en route sectorizatio
strategies to support the midterm design f
the Eastern Triangle

FY 2000 PROGRAM REQUEST:

The FY 2000 request expands the initial oper
tional concept validation efforts to the poin
where detailed information and performance r
quirements will be established for several of th
major modernization initiatives, including the in
formation requirements for the Host software r
engineering activities. Human factors research
expected to establish the type, update rate, a
display requirements. The facilities for human-in
the-loop will be upgraded to provide a fully con
figurable test-bed for information performanc
and requirements analysis. This capability will b
used to improve analysis of future controller tea
configurations to meet traffic growth and evalua
a horizontal versus vertical partitioning of NAS
airspace. 

Leveraging work is being conducted at NAS
Langley for safety assessments, the methodolo
for safety and reliability assessment for the joi
air-ground infrastructure, which will be used t
evaluate reliability and safety performance of fu
ture concepts.
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Program Schedule

FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004
A02g - Operations Concept Validation

Product and Activities

Enacted Request

 Total

Budget Authority 
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999 FY 2000

Contracts
Personnel Costs
Other Costs

0

 0
0
0

0
        0

0

    0
 0
0

6,818 6,10900

3,412
3,099

307

2,531
3,307

271

028-110 Operations Concept Validation
Operational Concept Development

Developed Operational Needs and Requirements Concept
Documents for “2005”
Develop Roles and Responsibilities Based on the Operational 
Needs and Requirements Documents for “2005”
Perform Engineering Technical Task Analysis and Develop 
Related Concept Documents for “2005”

Develop Scenario Descriptions Based on the Engineering 
Technical Task Analysis Documents for “2005”
Develop Operational Needs and Requirements Concept 2015
Develop Roles and Responsibilities Based on the Operational 
Needs and Requirements Documents for “2015”

Perform Engineering Technical Task Analysis and Develop
Related Concept Documents for “2015”
Develop Scenario Descriptions Based on the Engineering “2015” 
Technical Task Analysis Documents for “2015”

Concept Validation

Develop Executable Information Flow Tool

Perform Operational Analysis, Including Simulation 
Conduct Information Flow Analysis

Perform Human-in-the-Loop Simulation

Develop Test-bed for Modernization

Develop Distributed Simulation Standards & Database

Concept System Design

Conduct Analysis for End-to-End Certification for Mixed Ground 
and Air Infrastructure

Conduct Analysis of Advanced Airspace Sector Design and 
Dynamic Sectorization

Conduct Analysis and Develop Service Reliability 
Methodology for NAS
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A02h Software Engineering R&D — [Program moved to 1999 Aviation System Capital Investmen
Plan (CIP) as M28 Corporate Systems Architecture – Software Engineering]

GOALS:

Intended Outcomes: The FAA intends to im-
prove NAS and avionics safety and reduce NAS
and avionics acquisition, development, and main-
tenance costs by developing and implementing
improved software processes and procedures.
These actions will directly benefit passengers as
well as all elements of air transportation and
greatly contribute to a safe, secure, and efficient
NAS.

The FAA has been routinely criticized by the
General Accounting Office (GAO) and the
R,E&D Advisory Committee for its lack of soft-
ware competency in acquiring and maintaining
software-intensive systems. Deficiencies in this
area have increased cost and decreased quality of
new software-intensive systems. The agency has
placed a priority on this area because most current
and future NAS systems are software-intensive
systems. For example, eight of the nine high driv-
ers of change in the next 8 years, as identified by
the Office of the Associate Administrator for Re-
search and Acquisitions, involve adding or im-
proving software-intensive systems. 

The FAA Software Engineering Resource Center
(SERC), which was established in June 1998, will
be a focal point for research on FAA software-in-
tensive systems. SERC leverages government, ac-
ademic and industry resources by using interdisci-
plinary teams, which need not be collocated.
SERC is an FAA-wide resource that will address
strategic software technology problems that im-
pact mission performance and enhancement of
FAA in-house software/systems engineering com-
petencies. The primary SERC facilities have been
established at the William J. Hughes Technical
Center and at FAA headquarters. Remote tie-ins
with other facilities are also planned (e.g., at other
research sites such as NASA and the EUROCON-
TROL Experimental Center).

Agency Outputs: The principal products of
SERC efforts will include a series of standards,
guidelines, models, and evolvable prototypes that
demonstrate, validate, and verify the safety prop-
erties, performance, and other critical attributes of
new technologies that are to be used within the

NAS. SERC also will evaluate and validate im
proved software processes, methods, and en
neering tools that enhance architecture, system
and software engineering, testing, and certific
tion functions over the life cycle of NAS systems
Finally, SERC will bring together recognized ex
perts and FAA personnel to solve problems r
lated to the certification of software, COTS/non
developmental item (NDI), and the next gener
tion architecture. This will transfer skills to an
increase the technical competency of the FA
workforce.

Following are specific focus and outcomes 
SERC applied research work:

Software certification research

• Processes for certifying software aspects 
safety-critical airborne and ground-based sy
tems within the NAS. Current certification
processes require a long leadtime and a
costly. Resulting delays affect the rate 
which aircraft can be equipped with modern
affordable avionics and are a significant co
tributor to the long leadtime required for NAS
modernization. This research is explorin
promising techniques for streamlining th
certification process without affecting level
of safety.

• Processes for ensuring end-to-end safety a
certification of integrated air and ground sys
tems within the NAS. NAS air and ground
segments are becoming more integrat
through the introduction of new services suc
as data link. The current practice of separate
certifying NAS airborne and ground compo
nents can no longer ensure safety of the in
grated air-ground system. This research is 
vestigating and will validate different ap
proaches for performing end-to-end safety a
sessments and certification of the integrat
air-ground systems.

This research will produce a series of guidelin
and processes for improving certification of av
onics and ground systems. Specific recommen
tions will also be provided to the appropriat
RTCA committees that develop standards a
guidelines for certification of avionics systems.
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NAS architecture research

• Evaluation and prototyping of high-integrity,
safety-critical architectures to find better and
cheaper ways of ensuring that NAS hardware
and software are safe, secure, and efficient in
the face of challenges from bad code, security
breaches, and the like. This may potentially
eliminate a need for independent certification
of software.

• Architecture definition and description. This
research is investigating unified approaches
to formal architecture definition and descrip-
tion for cost-effective evaluation and compar-
ison of competing candidate architectures for
acquisition.

• Analytical and simulation architecture models
for the NAS. This research is investigating
the effects of various constraints on NAS
operational concepts and optimizing those
constraints, including cost and performance,
before committing resources to system imple-
mentation and deployment.

The specific architecture research outputs will be
guidelines and standards for defining, represent-
ing, and designing high-integrity architectures for
the NAS; and, executable and reusable architec-
ture models and simulations that can be extended
or tailored to support domain-specific engineering
and product acquisitions for the NAS.

Research on applying COTS/NDI within the NAS 
ground systems and avionics

• COTS/NDI software assurance research. This
research directly supports the Flight Controls
and Digital Avionics Systems by investigat-
ing conditions under which a COTS software
product can be certified to a given level of
safety, as defined by current standards. It will
help establish selection criteria and evaluation
guidelines for ongoing work in Information
Security Product Evaluation and a number of
other related areas, such as NAS Infrastruc-
ture. The research also will identify and eval-
uate techniques for reducing the cost and time
needed to ensure that COTS/NDI software, or
systems containing COTS/NDI software, are
safe and function as required.

• Evaluation and prototyping of systems and
software engineering processes and methods

for use in COTS-intensive systems. This r
search will identify and evaluate more effec
tive practices for use in software require
ments definition, software/systems analys
and design, and testing that are appropria
for safety-related systems using COTS/ND
software. It will include investigating differ-
ent methodologies to quantify, characteriz
and guard against the risk of accidentally ac
vating unintended COTS functionality/re
sponses for a given system and environmen

• Software estimation models for COTS-inten
sive systems. Research is seeking to identi
develop better ways of estimating and pr
dicting the life cycle costs of COTS-intensiv
systems. This study will include consider
ation of the complex interactions of majo
cost and schedule drivers that relate to t
evaluation, interfacing, integration, produc
refreshment, and maintenance of COTS.

This research will produce a set of evaluation c
teria and guidelines for COTS software propos
for use in safety-related aviation systems. It w
also establish the processes and technical meth
required to evaluate COTS/NDI-based system
prior to contract awards and ensure that use
COTS/NDI software will not compromise avia
tion system safety.

Customer/Stakeholder Involvement: The goal
of the streamlining software aspects of certific
tion is to assess the cost and schedule drivers
the software aspects of certification for both av
onics and ground systems, and to prototype so
tions that show promise to reduce cost and sch
ules. This supports objectives of the Office of th
Associate Administrator for Research and Acqu
sitions (ARA) and the Office of the Associate Ad
ministrator for Regulation and Certification
(AVR).

Recommendation R-14 of the “Report of th
Challenge 2000 Subcommittee of the FAA RE&
Advisory Committee for the Administrator”
reads, in part: 

“The FAA should conduct an in-depth
analysis of processes within the FAA
which are affected by COTS/NDI
technologies. . . . 5. Identify new methods
to test and validate safety-critical systems
that are not dependent on source code
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analysis. 6/7. Investigate ways to reduce
cost and time to (re)establish high confi-
dence in a system. . . 18. Promote soft-
ware technology and process
improvement techniques. . . ” 

The COTS/NDI software assurance research
work is directed toward answering the recommen-
dations of this Subcommittee and also addresses
concerns and recommendations contained in the
COTS/NDI in Safety-Critical System report. This
research also supports Action Plan 5: Validation
and Certification Methodology of the FAA/EU-
ROCONTROL R&D Committee agreements.

The Subcommittee Report of the NAS ATM R&D
Panel to R,E&D Advisory Committee addresses
the entire contents of its section 4.0 to Software
Engineering Research and Development. It con-
cludes with a number of critical recommendations
concerning the need to initiate research in
(1) certification of ground as well as air systems
involving critical software; (2) systems/software
complexity; (3) various software architectural is-
sues such as reuse and reliability; and (4) soft-
ware/computer security. This is all captured
within several sections, beginning with the Major
Recommendation 4.2.1.a #2, “The FAA should
establish a Software Engineering Laboratory un-
der the direction of the Chief Scientist for Soft-
ware Engineering that performs as a center of ex-
cellence.” A major purpose of this research initia-
tive is to address the concerns and identified
weaknesses noted by the Subcommittee.

Accomplishments: N/A

R&D Partnerships: Partnership agreements ar
under discussion with EUROCONTROL, NASA
DOD, NIST, and others.

MAJOR ACTIVITIES AND ANTICIPATED 
FY 1999 ACCOMPLISHMENTS:  
Establishment of the SERC was initiated in Ju
1998 using funds earmarked for software eng
neering operational planning. The center will b
fully operational by the end of FY 1999. Sever
major research activities have already begun 
the three key areas outlined above.

KEY FY 2000 PRODUCTS AND MILE-
STONES:
During FY 2000, the initial guidelines and proto
types for the three areas will be available for pr
liminary use and test. The SERC will act as a v
tual and physical facility to coordinate develop
ment and testing of these software engineering 
search products. Links will be established wi
remote researchers and research sites.

FY 2000 PROGRAM REQUEST:
The software engineering research programs w
initially make use of prior related activities con
ducted by the Office of Information Technology
The programs will subsequently use resourc
throughout the United States, particularly those 
the SERC and aviation-related programs alrea
underway at several universities. Support h
been promised and is being negotiated with
number of FAA organizations.
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Program Schedule

FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004
A02h - Software Engineering R&D

Product and Activities

Enacted Request

 Total

Budget Authority 
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999 FY 2000

Contracts
Personnel Costs
Other Costs

0

0
 0
0

 0
        0

0

0
 0
0

1,000 1,77400

462
474
64

689
1,001

84

028-130 Software Engineering R&D

Software Engineering Resource Center (SERC)
Establish/Maintain the infrastructure

Develop/Implement Operational Plans and Methodology

Establish/Maintain Working Relations with Other Centers

Establish/Maintain Working Relations with Contract 
Researchers

NAS Architecture Research

Develop an Architectural Decision Tree

Prototype the Architectural Decision Tree

Develop Guidelines for a “Good” Definition

Develop Guidelines for a “Good” Representation

Develop Guidelines for Secure Software Systems

Develop, Test, and Evaluate Analytical Models

Develop, Test, and Evaluate NAS Simulations

Research on Safe and Effective Application of COTS/NDI 
in the NAS

Develop Standards and Guidelines for COTS/NDI 
Software/System Methods

Develop Standards and Guidelines for COTS/NDI 
Software/System Cost Estimation

Develop Standards and Guidelines for COTS/NDI 
Software/ System Assurance

Software Certification Research

Develop Standards and Guidelines for Certification of 
Safety

Develop Standards and Guidelines for End-to-End Test 
of Air/Ground Software Intensive Systems
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A03a Communications— [Program moved to 1999 Aviation System Capital Investment Plan (CIP
as C20 Aeronautical Data Link (ADL)]

GOALS:
Intended Outcomes: The FAA intends to in-
crease safety, decrease delays, increase system
flexibility and predictability, and increase user ac-
cess to NAS data base sources by:

• Implementing decision support system ser-
vices (DSSS) that integrate airborne flight
management system capabilities with ground-
based decision support automation

• Providing all NAS users a common view of
weather and airspace traffic, thus allowing us-
ers to better anticipate and plan for flight de-
viations and/or delays through CDM process

• Increasing system flexibility by using data
link services to derive, negotiate, and/or
update flight plans both before and during
flight

These improvements also reduce air traffic con-
troller workload, increase situational awareness,
and alleviate voice traffic congestion.

Providing data link services facilitates the transi-
tion from air traffic control to air traffic manage-
ment and supports the evolution toward a Free
Flight environment as envisioned in the RTCA
Task Force 3 report and the Free Flight Action
Plan. This also advances the concept of the self-
reliant pilot described in the future architecture
for automated flight service station support. Sev-
eral government and industry initiatives have
identified improved weather information in the
cockpit as a key priority and mitigating strategy to
reducing weather related accidents. After pilot er-
ror, weather is the number one cause/factor cited
in aviation accidents. Over one-third of all fatal
accidents in all sectors of aviation involve
weather, and in general aviation more than 200 fa-
talities per year are due to weather.

Agency Outputs: The FAA provides cost-benefit
analyses for ground processing and uplink of FIS/
weather and DSSS.

Standards and guidance material for FIS/weather
products and DSSS provide technical characteris-
tics and approval guidelines for operational use
and training. RTCA minimum aviation system
performance standards (MASPS) and minimum

operations performance standards (MOPS) p
vide guidance for data link avionics. FAA advi
sory circulars and the Aeronautical Informatio
Manual provide certification guidance for insta
lation and operational use/application. This pr
gram develops technical and operational inform
tion, including human factors criteria, to suppo
these products.

Specifications for FIS/weather products an
DSSS provide/identify requirements for FAA au
tomation and industry implementation.

Customer/Stakeholder Involvement:  
Free Flight: The integration of ATM DSSS with
controller, pilot, and airline operations cente
(AOC) facilities systems via digital data link pro
vides enhanced capabilities for trajectory predi
tion, in-flight planning, and rerouting. ATM
DSSS alternatives include CTAS automated 
route air traffic control technologies. Using thes
alternatives will lead to a reduction in the numb
of current procedural restrictions in the NAS
This is one of the primary goals of the Free Flig
initiative, which also includes developing and im
plementing FIS/weather products in the cockpit.

RTCA: RTCA sponsors many special committee
including:

• SC-169, which formulates a systems-oriente
approach to aeronautical data link (ADL) ap
plications and coordinates standards develo
ment to integrate data ink functions for a
traffic management

• SC-182, which develops standards for mod
lar avionics concepts, which affect cockp
avionics used by ADL

• SC-162 (Open Systems Interconnections)

• SC-165 (Aeronautical Mobile Satellite Ser
vice)

• SC-172 (VHF Air-Ground Communication)

• SC-181 (Navigation Standards)

• SC-185 (Aeronautical Spectrum Planning)

• SC-186 (Automatic Dependent Surveillance
Broadcast)

• Task Force 3, Air Transport Association
Flight Management System Task Force
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ICAO: The International Civil Aviation Organiza-
tion leads and participates in the following panels:

• The Automatic Dependent Surveillance
Panel. which focuses on automated air-
ground data exchange

• The Aeronautical Telecommunication Net-
work Panel, which focuses on requirements
for a globally interoperable digital data com-
munications network

• The Aeronautical Mobile Communications
Panel, which focuses on satellite-based safety
services for data and voice, including stan-
dards development for high and very high fre-
quency digital communications

Aviation Safety Plan: ADL-related initiatives in-
clude:

• Initiative 2.10.2, which deploys data link ca-
pability to disseminate alphanumeric and
graphical FIS products, including weather, di-
rectly to the cockpit

• Initiative 4.2.6, which completes the defini-
tion of data link systems to support communi-
cations, navigation, and surveillance opera-
tions

• Initiative 4.2.7, which establishes two-way
data link capability throughout domestic en
route and terminal airspace.

• Initiative 4.3.4, which demonstrates/validates
risk reduction benefits of weather and traffic
products acquired by local surveillance sys-
tems delivered to aircraft, ATC facilities, air
carriers, and any combination of these.

FANG: The Flight Management System (FMS)-
ATM Next Generation (FANG) Team chaired by
the ADL product team, focuses on developing
DSSS. This team comprises government and in-
dustry representatives and is chartered to define
an integrated flight management system/air traffic
management/aeronautical operational control sys-
tem.

The FAA participates in and sponsors the commu-
nications and surveillance operational implemen-
tation team.  This is an Administrator-chartered
organization established to coordinate the imple-
mentation of FAA modernization programs with
the aviation industry.

The general aviation (GA) community also ha
participated in the FAA demonstration and oper
tional suitability assessment of initial graphic an
text data link products provided through the mod
S-based Graphic Weather Service (GWS) 
Dulles International Airport. The user communit
strongly advocates implementing disseminatio
of FIS/weather, especially graphics, to the cockp
as demonstrated through the Free Flight Actio
Plan (1996); the National Research Council r
port, Aviation Weather Services, A Call for Fed
eral Leadership and Action (1995); the National
Aviation Weather Program Plan (1992); and FA
order 7032.15 Air Traffic Weather Needs and R
quirements. Most recently, in May 1998, the FA
issued an Airborne Flight Information Service
Data Link Policy statement supporting a join
government/industry partnership in establishin
FIS data link services. The policy statement was
result of a petition submitted by the General Avia
tion Coalition.

Accomplishments: The FANG Operational Con-
cept has been published. It identifies a prelim
nary set of services, associated potential benef
and required functional capabilities of an inte
grated flight management system/air traffic ma
agement/aeronautical operational control system

The basic requirements and operational conce
for FIS/weather data link applications wer
jointly developed by industry and governmen
and published (DO-232) through the RTCA Sp
cial Committee 169, Working Group 3.

Terminal weather information for pilots (TWIP)
is currently available at all Terminal Dopple
Weather Radar locations through the ARINC AC
ARS vendor data link service.

Predeparture clearance (PDC) and digital-air tra
fic information service (D-ATIS) is currently
available through the tower data link syste
(TDLS) at 57 TDLS locations. These services a
also provided through the ARINC ACARS ven
dor data link service.

TIS is being deployed at all operational termin
Mode S locations. This service provides cockp
presentations of aircraft traffic to client aircra
based on terminal radar surveillance.

R&D Partnerships: The FAA is coordinating de-
velopment of NAS improvements, including dat
2-38 
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link applications with NASA. An interagency In-
tegrated Product Team, formed between the FAA
and NASA, develops future ATM systems. FAA
and NASA DSSS-related efforts are coordinated
through that mechanism. Also, the joint FAA/
NASA AGATE project includes joint testing
(ground and flight) with the AGATE partners. Fi-
nally, the NASA Aviation Weather Information
(AWIN) program includes cockpit dissemination
of weather information as a key strategy for miti-
gating aviation fatalities in a 7-year research pro-
gram in response to the White House Safety Com-
mission report.

MAJOR ACTIVITIES AND ANTICIPATED 
FY 1999 ACCOMPLISHMENTS:
• Completed Joint FAA/NASA Modeled Anal-

ysis of CTAS- and FMS-generated fuel-opti-
mal trajectories

• Published FANG-required functional capabil-
ities document

• Completed Three-Dimensional User-Pre-
ferred Trajectories Flight Trials Project

• Began Field Test portion of Joint FAA/NASA
CTAS/FMS Data Exchange Field Test (Initial
DSSS)

• Established required initial data link capabili-
ties for En Route Aeronautical Telecommuni-
cations Network Decision Support Tool

• Established partnership(s) with industry to
provide FIS data link services

• Established collaborative FIS data link test-
bed and test range facilities for developing
sound technical data to support publication of
standards and guidelines for operational im-
plementation

• Published initial RTCA MOPS/MASPS and
FAA advisory circulars and other regulatory
materials to support FAA/industry FIS data
link services

KEY FY 2000 PRODUCTS AND MILE-
STONES:

Funded:

• Conduct ground simulation and flight evalua
tions to analyze cockpit workload and pilo
decision-aid impacts for new increment o
FIS data link services (i.e., convectiv
weather, AUTOMETS, in-flight icing, turbu-
lence, SUA, and NOTAM’s)

• Develop FIS standards and guidelines for t
above convective weather and AUTOME
FIS data link services

FY 2000 PROGRAM REQUEST:

Aeronautical Data Link works collaboratively
with FAA product teams, including en route, te
minal, air traffic management, interfacility tele
communications, and weather to ensure the s
cessful integration of data link services into th
NAS.

Decision support system data link enhanceme
identification and development allows the ben
fits of advanced ATM automation tools to be full
realized.

Ground simulations and flight evaluations ar
conducted using the facilities and resources at 
William J. Hughes Technical Center and other f
cilities, including those at the FAA Civil Aero-
medical Institute (CAMI), MITRE Center for Ad-
vanced Aviation System Development (CAASD
and NASA. These simulations and evaluatio
identify data link product and system architectu
specifications and operational guidance issu
Based on these specifications and operatio
guidance issues, implementation standar
(MOPS, MASPS), operational guidance doc
ments (advisory circulars), and system archite
ture strategies are drafted. 
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Program Schedule

FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004
A03a - Communications
Product and Activities

Enacted Request

 Total

Budget Authority 
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999 FY 2000

Contracts
Personnel Costs
Other Costs

6,000

1,054
4,105

841

4,706
        0

0

5,412
3,808

780

5,869 7,8424,70610,000

1,174
4,129

566

3,000
4,498

344

031-111 Aeronautical Data Link (ADL) Applications
Decision Support System Services (DSSS)

Begin Modeling/Simulation of proposed DSSS
Complete Cost/Benefit Analysis (CBA) for initial 
DSSS
Complete Comprehensive List of DSS Data Link 
Services
Complete AMS initial requirements document for 
DSSS
Complete CBA for DSSS
Develop FAA/Industry Consensus on DSSS 
Implementation
Implement initial DSSS
Integrate Advanced DSSS with Flight Management 
Systems (FMS)

Flight Information Services (FIS)
Established collaborative FIS data link test facilities
Established industry partnerships to provide initial FIS
data link services
Developed standards & guidelines for initial FIS data 
link services
Conduct simulations/flight evaluations for follow-on 
FIS services
Develop standards & guidelines for follow-on FIS
services
Conduct simulations/flight evaluations for advanced 
FIS services
Develop standards & guidelines for advanced FIS 
services
Develop operational specifications & standards/
guidelines for FIS Services based on Aviation 
Gridded Forecast System
Conduct simulations/flight evaluations for transition 
of FIS services for DSSS/Collaborative Decision 
Making (CDM) support
Develop standards/guidelines for FIS services 
supporting DSSS/CDM services
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A03b Navigation — [Program moved to 1999 Aviation System Capital Investment Plan (CIP) as 
N12 – Augmentation for the Global Positioning System (WAAS/LAAS)]

GOALS:
Intended Outcomes: The FAA intends to pro-
vide time efficiencies and cost savings through
satellite-based navigation implementation. This
technology allows direct point-to-point naviga-
tion, optimum routing, and other capacity im-
provements. These efficiencies and savings are
realized by the airlines, the traveling public, and
the FAA and include:

• Increased air traffic control efficiencies and
NAS capacity through a restructured airway
system to accommodate direct routings be-
tween airports as well as reduced separation
standards

• Reduced fuel cost to airlines and reduced
travel time to the public due to more econom-
ical air routes

• Reduced FAA operating costs due to decom-
missioning existing ground-based navigation
equipment

• Simplified GPS augmentation infrastructure
through wide area and local area interopera-
bility to provide satellite navigation services
at a reduced cost

Agency Outputs: The FAA uses the national sat-
ellite testbed (NSTB) as the foundation for all re-
search and development associated with imple-
menting satellite-based navigation technology.
The NSTB is essential to the wide area and local
area augmentation development strategy needed
to implement GPS-augmented navigation tech-
nology. Findings from the NSTB help the FAA to
develop required user equipment through avionics
manufacturers, continue development of GPS
user procedures, and gain international accep-
tance of a seamless global navigation satellite sys-
tem.

The program is developing and implementing the
capability to monitor and evaluate system perfor-
mance of GPS and GPS-augmented systems, such
as NSTB and WAAS, as they are implemented.
During these evaluations, large quantities of com-
plex, technical data will be collected, analyzed,
archived, and made available to the FAA and
other government agencies. Industry, academia,
and international entities to further their research

use the data, facilitate information exchange, a
foster cooperation around the world to achieve
seamless global navigation system. The results
this “live” data collection and analysis will assis
the FAA in defining and analyzing air traffic and
airway facility requirements for satellite-base
navigation technology, as well as connectivity an
interoperability requirements for internationa
augmentation systems being developed by oth
countries. The information obtained from thes
performance evaluations will also be instrument
in allowing the FAA to monitor the WAAS sys-
tem contractor performance during interim con
tractor maintenance and logistics.

The FAA will approve GPS as a primary means 
navigation through category I precision ap
proaches by 2001 in all weather conditions by im
plementing WAAS. This will enable existing nav
igation equipment across the United States to 
decommissioned.

The FAA will validate the capability to perform
category II/III precision approaches through re
search and development efforts associated w
LAAS. The FAA will provide a LAAS functional
specification, architecture, and MOPS to indust
for implementing local area systems across t
United States. LAAS prototypes will be deve
oped, and flight tests will be conducted to valida
the specification and MOPS.

Customer/Stakeholder Involvement: The pro-
gram’s implementation strategy involves othe
government agencies, industry, and academia,
follows:

• The FAA establishes and participates on va
ous teams addressing immediate needs 
operational implementation issues. These i
clude the Satellite Operational Implementa
tion Team (SOIT), Satellite Procedures Im
plementation Team, the Air Traffic SOIT, an
other teams and working groups at FAA re
gional offices.

• The FAA participates on the RTCA working
groups and subcommittees.

• The FAA has completed 16 bilateral agre
ments with several countries and participat
in ICAO panel sessions to further the acce
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tance of GPS augmentations as a seamless
global navigation satellite system.

• The FAA supports the Positioning and Navi-
gation Executive Committee, and the Joint
Precision Approach and Landing System Pro-
gram and interacts with the Department of
Defense to establish and promote a national
consensus on GPS management and opera-
tion.

• The FAA supports the Interagency GPS Exec-
utive Board (IGEB) regarding GPS modern-
ization issues.

Accomplishments: During FY 1998, the NSTB
continued to provide a MOPS compliant signal in
space, allowing development of WAAS aircraft
avionics, terminal en route procedures (TERPS)
criteria, and user procedures. Research efforts in-
cluded evaluating new algorithms, hardware, and
communication topologies to improve the integ-
rity and availability of the WAAS. Enhancements
to the NSTB were made to improve its use as a
performance assessment tool for the WAAS and
to define the preplanned product improvements
for WAAS. In addition, the NSTB conducted ini-
tial global navigation satellite system (GNSS) in-
teroperability studies.

The FAA completed development of the LAAS
functional specification and the MOPS. Develop-
ment efforts for LAAS prototypes were initiated
to validate and verify the specification and
MOPS.

The FAA initiated the requirements definition and
analysis of system performance characteristics for
the satellite navigation center as the first step to-
ward developing a monitoring network to evalu-
ate GPS and WAAS system performance.

R&D Partnerships: The FAA has approximately
20 grants, interagency agreements, and contracts
in place with industry, academia, and other gov-
ernment agencies to leverage their expertise and
capabilities in satellite navigation R&D. Principal
participants include Stanford University, Ohio
University, the Naval Air Warfare Center Aircraft
Division (NAWCAD), the Central Intelligence
Agency (CIA), the Air Transport Association
(ATA), and the Massachusetts Institute of Tech-
nology Lincoln Laboratories. 

In addition, 16 cooperative bilateral agreemen
are in place, with additional agreements curren
in work, to facilitate and promote the communica
tion and information transfer for a seamless gl
bal navigation satellite system. The program al
maintains a government industry partnership wi
the ATA for continued development of perfor
mance operating standards for GPS-based nav
tion with emphasis on local area applications.

MAJOR ACTIVITIES AND ANTICIPATED 
FY 1999 ACCOMPLISHMENTS:

• Performed data collection and analyses usi
the NSTB to further develop WAAS perfor
mance-assessment capabilities

• Continued to conduct ionosphere data colle
tion and analyses to define WAAS final ope
ational capabilities

• Initiated development of WAAS prototype to
demonstrate international connectivity

• Continued development of WAAS perfor
mance-monitoring network

• Conducted ionospheric data collection an
analyses

• Conducted WAAS/LAAS integration studies

• Initiated investigation studies for surfac
movement guidance, helicopter operation
and advanced LAAS augmentations

• Initiated installation and testing of LAAS
prototypes to validate the functional specif
cation

• Continued to coordinate with ICAO to pro
duce SARP’s to define LAAS in the interna
tional community

KEY FY 2000 PRODUCTS AND MILE-
STONES:

• Perform data collection and statistical anal
ses of initial WAAS performance capabilities
-including developing WAAS antenna inter
ference mitigation and rejection methods, 
safety processor to meet FAA certificatio
standards, and analyzing satellite alternativ
for WAAS final operating capability

• Develop a prototype integrity monitor for the
WAAS

• Conduct WAAS/LAAS integration studies
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• Develop operations and maintenance connec-
tivities

• Prototype international connectivity

• Develop WAAS performance monitoring net-
work

• Establish research database and analysis ca-
pability

• Develop real-time simulation methodologies
for WAAS components

• Conduct ionospheric data collection and anal-
yses

• Continue research into signal quality moni-
toring, operations and maintenance, flight
control monitoring, and automatic dependent
surveillance with participation from Stanford
and Ohio Universities

• Continue investigation studies analysis for
surface movement guidance, helicopter oper-
ations, and advanced LAAS augmentations
using pseudolites, instrument landing system
glideslope, and low-earth-orbit satellites

• Continue to develop and mature the LAAS
integrity algorithms

• Continue installing and testing LAAS proto
type systems at several sites to ensure that 
systems will validate the functional specifica
tion in particularly difficult sites

FY 2000 PROGRAM REQUEST:

In FY 2000, the program will continue to focus o
developing and implementing GPS augment
tions to further the transition to satellite-base
navigation technology. Efforts focus on resear
and analysis of issues associated with accura
integrity, and availability to the users, with spe
cific emphasis on interference to ensure serv
continuity. Efforts also focus on gaining contin
ued acceptance and support by the internatio
community for an integrated WAAS/LAAS archi-
tecture to achieve a seamless GNSS.

The FY 2000 request will focus primarily on th
research and development efforts currently bei
performed by Stanford University, Ohio Univer
sity, ATA, and MIT’s Lincoln Laboratory. This
will allow the FAA to continue to meet its objec
tives to transition to satellite-based navigation.
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Program Schedule

FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004
A03b - Navigation

Product and Activities

Enacted Request

 Total

Budget Authority 
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999 FY 2000

Contracts
Personnel Costs
Other Costs

13,000

10,772
 1,849

379

10,426
        2,466

505

10,334
2,213

453

12,995 7,55313,39713,000

10,718
1,844

433

5,665
1,757

131

032-110 Satellite Navigation Program
Wide Area Advanced Research/NSTB

Ionospheric Data Collection & Analyses
Worldwide Scintillation Monitoring & Analysis
Develop Worldwide Iono Mode 
Interference Mitigation Analysis
Develop Worldwide Service Volume Model
Clock Performance/Time Transfer Analysis
International Connectivity & Interoperability
Integrate International Reference Sites
Conduct Flight Demonstrations
Data Collection, Distribution, Analysis
WAAS Performance Assessments
Minor Contractor Compliance
Support WAAS Algorithm Validation
WAAS P3I Definition
Data Collection & Analysis
2nd/3rd Civil Frequency Addition

 

Local Area Concepts

Initiate Installation/Test of LAAS Prototypes
Begin Surface Movement, Helicopter & Advanced 
Research
Complete Validation of LAAS Specification/MOPS
2nd/3rd Civil Frequency Integration

WAAS/LAAS Inter-operability

Conduct WAAS/LAAS  Inter-operability studies
Develop Interface Control Requirements
Finalize Architecture Study
Conduct Prototype Tests
NAS Integration Plan
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A03c Surveillance — [Program moved to 1999 Aviation System Capital Investment Plan (CIP) as
S10 – Automatic Dependent Surveillance-Broadcast (ADS-B) and ADS-B Ohio Valley Project – S
Flight 21]

GOALS:
Intended Outcomes: The FAA intends to im-
prove system efficiency and safety by implement-
ing a low-cost surveillance system that enables
Free Flight capabilities, minimizes runway incur-
sions, and provides coverage in existing nonradar
areas.

ADS-B is a technique to derive aircraft position
by an onboard GNSS receiver or other backup
source of navigation data. Aircraft identity, alti-
tude, and position are broadcast directly to ground
receivers and to nearby aircraft. Transmitted
ADS-B messages, received by nearby aircraft and
information is displayed on an airborne CDTI
used for situational awareness, conflict detection,
and Free Flight capabilities. Accurate and timely
updated reports from ADS-B minimize runway
incursions, improve safety by increasing a pilot’s
awareness of nearby aircraft, and improve effi-
ciency and airspace capacity by potentially reduc-
ing current separation standards. Its modular de-
sign and cooperative nature offer a low cost alter-
native for surveillance coverage in existing nonra-
dar areas, and potentially in the long term, in
some areas currently served by radars.

ADS-B as been identified by both the FAA and
the aviation industry as an enabling technology
for Free Flight.

Agency Outputs: Current efforts focus on devel-
oping standards for ADS-B avionics, ADS-B ap-
plications, CDTI, and transponders, and in vali-
dating the capabilities of ADS-B. These standard-
ization efforts include minimum aviation system
performance standards, minimum operational per-
formance standards, technical standard orders,
and design criteria. Outputs will include evalua-
tion of operational procedures, procurement spec-
ifications for ground systems, deployment of sys-
tem prototypes, and revised operational proce-
dures.

Customer/Stakeholder Involvement: Air carrier
and general aviation user communities have asked
for FAA leadership in developing ADS-B tech-
nology. The FAA and the user community are ac-
tively involved in the standards development ac-

tivity at RTCA SC 186. Some of the specifi
stakeholders include the Cargo Airline Associa
tion, Experimental Aircraft Association, Air
Transport Association, Airline Pilots Association
Aircraft Owners and Pilots Association, Unite
Airlines, Northwest Airlines, and the ICAO pan
els and European Work Group on ADS-B.

Accomplishments: Draft ADS-B avionics stan-
dards development has been initiated at RTC
Additional engineering prototype and certifica
tion work, including development and test/valida
tion, is required to complete these standards.
cooperative CRDA is being implemented with th
CAA for an evaluation of selected operational e
hancements and alternative radio frequency d
links.

R&D Partnerships:  The joint government/indus-
try committees, RTCA SC-186 and SC-159, a
tasked with achieving R&D consensus on syste
standards for ADS-B. Massachusetts Institute 
Technology’s Lincoln Laboratory and MITRE are
also jointly involved in the technical developmen
and integration of ADS-B technology into the
NAS.

MAJOR ACTIVITIES AND ANTICIPATED 
FY 1999 ACCOMPLISHMENTS:
• Develop agency roadmap for ADS-B air-to

air, air-to-ground, and surface applications

• Complete development of ADS-B 1090 MH
MOPS with RTCA

• Develop initial draft of ADS-B/CDTI MOPS
with RTCA

• Complete spectrum analysis of ADS-B 109
MHz in high-density environment

• Procure, install and evaluate ADS-B proto
type ground station

KEY FY 2000 PRODUCTS AND MILE-
STONES:
• Complete operational concepts developme

and alternative analysis, including cost ben
fit and cost-effectiveness studies

• Continue evaluation of ADS-B operationa
procedures, including field trials
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• Publish draft ADS-B/CDTI standards

• Publish draft engineering specification for
ADS-B ground station

FY 2000 PROGRAM REQUEST:
The FAA and RTCA continue to complete the
ADS-B avionics standards for CDTI and I-MFD
displays as well as standards for ADS-B related

enhancements to Mode S transponders. Stud
analyses, and field tests will validate CDTI stan
dards. Operational concept analysis describes p
posed features and benefits obtained by imp
menting and deploying ADS-B. An analysis o
ADS-B integration with existing radars and auto
mation systems will be performed.
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Program Schedule

FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004
A03c - Surveillance

Product and Activities

Enacted Request

 Total

Budget Authority 
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999 FY 2000

Contracts
Personnel Costs
Other Costs

0

0
 0
0

0
        0

0

    0
 0
0

4,290 3,54400

3,506
701
83

2,600
896
48

033-140 Automatic Surveillance-Broadcast (ADS-B)
Plans, Standards, and Analysis

Develop/Approval of 1090 MHz MOPS by RTCA

Develop ADS-B Roadmap

Support ADS-B Trials

Conduct ADS-B High Density Simulations

Complete Operational Concept Analysis for Air-to Air 
Applications

Perform/Complete CDTI-1 Field Trials and Analysis

Avionics Standards for CDTI

Conduct/Complete CDTI Operational  Test & Evaluation 
(OT&E) for Visual Flight Rules

Update CDTI Standards

Validate Application Benefits for Air-to-Air

Conduct/Complete CDTI OT&E for General Aviation 
Instrument Flight Rules Applications

Update CDTI Standards

Develop Air-to Air and Surface Operations Concept

Ground Initiated Comm B (GICB) Analysis for Mode S 
Transponders

Analysis Report Describing Integration of ADS-B with 
Existing Radars and Automation Systems

Procure, Install and Demonstrate ADS-B Ground-Based
Engineering Prototypes

Complete Demonstrations/Publish Ground-Based Systems
Demonstration Report

Develop  Integrated Requirements Document for Ground- 
Based Systems

Develop Specification for ADS-B Ground Systems

Develop Specifications for ADS-B  Automation/Integration

Evaluate alternative implementation of ADS-B technologies
for long-term applications

Investment Decision for ADS-B Ground Stations to support 
air-to- ground and surface ATC application Investment
2-47



1999 FAA NATIONAL  AVIATION  RESEARCH PLAN

er
ns-
at
e-
ed
t

-
ce

d
,
s

-
t

-
on
n-
a-
,
y
 set
as
s
da-
 in-

er
 in
es
e-
ed

d
e
a-
-
-
 jet
A04a Weather Program

GOALS:
Intended Outcomes: The FAA intends to pro-
vide the capability to generate weather observa-
tions, warnings, and forecasts that are more accu-
rate and accessible than existing weather services.
These upgrades enhance flight safety, increase
system capacity, improve flight efficiency, reduce
air traffic controller and pilot workload, improve
flight planning, increase productivity, and en-
hance situational awareness.

In accordance with the Federal Aviation Act of
1958 as amended, the FAA is responsible, in co-
operation with the Department of Commerce, to
promote and develop meteorological science, and
to foster support of research projects using private
and governmental research facilities. These duties
are further amplified by recommendations con-
tained in an Aviation Weather Services report is-
sued by the National Research Council (1995)
and the final report of the Aviation Weather Sub-
committee issued by the FAA’s Research, Engi-
neering, and Development Subcommittee (Octo-
ber 1995).

The weather program directly supports FAA Stra-
tegic Goal #1in the performance area of Safety:
“Through research, identify methods that, when
implemented would reduce the fatal accident rate,
due to weather.” The weather program also di-
rectly supports Strategic Goal #8 in the perfor-
mance area of System Efficiency, “Demonstrate
the capability of new systems to decrease the rate
of delays due to weather.”

The weather R,E&D program, in collaboration
with NWS and National Science Foundation pro-
grams, produces weather algorithms (technol-
ogy), more rapid forecasting and delivery of fore-
casts (delivery), and the development of aviation
weather instructional material and training
courses (education).

Agency Outputs: The weather program focuses
on conducting applied research to solve opera-
tional problems leading to the development of
new and improved algorithms. These models pre-
dict weather events that affect aviation as well as
procedural and policy changes/updates. The algo-
rithms, developed for implementation on appro-
priate NAS platforms (including the weather and

radar processor, the integrated terminal weath
system, and NWS systems) continue to be tra
ferred to private weather service companies th
support the NAS. This enables companies to d
velop specialized aviation weather products bas
on FAA research efforts. Algorithm developmen
provides the following capabilities that:

• Accurately depict current and forecasted in
flight icing areas to enhance safety, airspa
efficiency, and aircraft utilization

• Produce high-resolution and timely gridde
information for icing, winds, temperature
and turbulence to improve aviation advisorie
and forecasts issued by the NWS

• Provide location, timing, and severity of con
vective weather hazards to improve fligh
safety and enhance capacity.

Customer/Stakeholder Involvement: The Na-
tional Aviation Users’ Forum has provided a pro
cess to develop a federal/industry consensus 
user needs and priorities for aviation weather i
formation. Forum participants include represent
tives from the Airline Pilots Association, United
American, and Delta Airlines, and other industr
representatives. The Forum serves as a basis to
priorities for research and development as well 
system acquisition. The FAA’s weather prioritie
and plans are consistent with users’ recommen
tions made at this forum, and the plans address
dustry recommendations.

The weather program analyzes aviation weath
service users’ needs and requirements found
the Aviation Safety Action Plan. It also address
industry recommendations, as well as requir
ments contained in more than six other relat
documents and publications.

Accomplishments: Following are major weather
program accomplishments:

• Completed rapid update cycle analysis an
forecast capability providing more accurat
and higher resolution upper winds, temper
ture, and precipitation data, resulting in re
duced flight times and/or flight delays be
cause the data on hazardous weather and
streams are more accurate
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• Issued a ‘freezing precipitation aloft’ forecast
at the Kansas City aviation weather center--
responding to a rulemaking proposal aimed at
turboprops flying in weather conditions con-
ducive to in-flight icing--increasing airspace
efficiency, aircraft utilization, and safety, es-
pecially for commuter aircraft.

• Commenced flight test of humidity sensor on
United Parcel Service (UPS) aircraft, as part
of the water vapor sensing system (WVSS)
program, leveraged with the National Oce-
anic and Atmospheric Administration
(NOAA)--enabling more accurate in-flight ic-
ing and ceiling and visibility forecasts.

• Completed upgrades to next-generation
weather radar (NEXRAD) algorithms, storm
cell identification and tracking, hail detection,
mesocyclone, and tornado detection (lever-
aged with NWS)--enabling better definition
of location, timing, and severity of convective
weather hazards, resulting in enhanced flight
safety and capacity

• Completed storm growth and decay experi-
ment on data collected in Memphis. This re-
search will result in the accurate, short-term
prediction of the beginning, growth, and de-
cay of storm cells--enhancing safety and ca-
pacity by improving aircraft avoidance of
hazardous weather, resulting in enhanced
strategic and tactical flow management plan-
ning, and allowing more effective routing of
traffic to and from airports and runways

• Operated weather support to deicing decision-
making (WSDDM) testbeds at La Guardia
and O’Hare airports in collaboration with the
Port Authority of New York and several air-
lines providing ground deicing decisionmak-
ing information to the airlines and cities--re-
sulting in increased safety (takeoffs), savings
in use of deicing fluids, and associated equip-
ment and personnel costs, efficiencies in run-
way and off-airport plowing, and efficiencies
in departures and arrivals

• Developed initial operating capability of the
AGFS implemented at the NWS--providing
an aviation-specific weather database for the
aviation community

• Under the SOCRATES Project, fabricated
and tested a two-beam system for Wake Vor-

tex detection during a 2-week test period 
May 1998 at John F. Kennedy Airport

R&D Partnerships: Program activities are
closely coordinated and leveraged with industr
academia, and other government agencies. Thi
done directly through interagency agreemen
university grants and MOA’S in conjunction with
the National Science Foundation. Principal pa
ners include the National Center for Atmospher
Research, NOAA’s Forecast Systems Laborato
and National Severe Storms Laboratory, Mass
chusetts Institute of Technology’s Lincoln Labo
ratory, NWS Aviation Weather Center and Na
tional Centers for Environmental Prediction
NASA Lewis, Office of Naval Research, and
UPS, as well as several universities, airlines, p
authorities, and cities. In addition, internation
agreements with the United Kingdom, Franc
and Canada further leverage FAA efforts.

Research results are transferred to the private s
tor via cooperative research and developme
agreements with GTE, Kavouras, WSI, Harri
and AccuWeather.

MAJOR ACTIVITIES AND ANTICIPATED 
FY 1999 ACCOMPLISHMENTS:

• Developed initial integrated in-flight icing al-
gorithm

• Conducted field program to evaluate im
proved forecasts of in-flight icing

• Developed enhanced AGFS automated too
for forecasters

• Tested radar improvements to provide rap
updates of hazardous weather

• Integrated satellite data into 60-minute stor
growth and decay forecast

• Completed technology transfer of WSDDM
system to private industry for operational im
plementation

• Implemented preliminary turbulence forecas
ing algorithm at the Aviation Weather Center

• Fabricated and tested a two-team system
the FAA/Volpe Center Wake Vortex Site a
JFK

• Processed, analyzed, and presented a fi
report on data obtained in the JFK test of th
SOCRATES two-beam system
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KEY FY 2000 PRODUCTS AND MILE-
STONES:
• Incorporate satellite data into an in-flight ic-

ing guidance product

• Implement interactive AGFS display-specific
flight route forecasts

• Conduct airborne humidity sensor flight dem-
onstration of utility

• Incorporate boundary layer data into 60-
minute storm growth and decay forest

• Complete in-situ-based detection turbulence
product evaluation

• Develop a 1- to 2-hour marine stratus burnoff
forecast for San Francisco International Air-
port

• Implement wind data ingest and dissemina-
tion system at Juneau Airport

FY 2000 PROGRAM REQUEST:

• Develop new algorithms for improved fore
casts of freezing drizzle aloft

• Continue to develop automated data analy
and assimilation techniques

• Transition weather research products 
NWS, FAA, and industry automation and
weather systems

The following activities are based on fundin
availability for SOCRATES in FY 2000:

• Design and fabricate and test and evaluate
SOCRATES eight-beam system; conduct lo
cal tests and prepare for evaluation testing

• Design, fabricate, and test a ground-bas
SOCRATES Particle Backscatter System an
prepare for evaluation testing
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Program Schedule

FY 1999 FY 2000 FY 2001 FY 2002 FY 2003 FY2004
A04a - Weather Program
Product and Activities

Enacted Request

 Total

Budget Authority 
($ in Thousands)

FY 1996
Enacted

FY 1997
Enacted

FY 1998
Enacted

FY 1999 FY 2000

Contracts
Personnel Costs
Other Costs

13,000

 11,683
 1,093

224

 14,500
        664

136

5,978
 427

88

18,684 15,76515,3006,493

17,836
817
31

15,100
629
36

041-110 Aviation Weather Analysis and Forecasting

Develop Aviation Gridded Forecast System (AGFS)
Developed Tools for Interactive Data Assimilation/Distribution

Implement Interactive Display Specific Flight Route Forecasts

Implement Interactive Convective Sigmet/Airmet Ensemble Tools

Imp/Demonstrate Interactive Forecast/Product Verification Tool

In-flight Icing
Initial Development of IIFA

Incorporate Satellite Data into In-flight Icing Guidance Product

Imp. Yr.-Round Guidance Product & Severity/Type Forecasts

Develop Terminal-Scale Icing Product & Field Program to Evaluate
Radar/Satellite /Radiometer Detection Techniques

Winter Weather Research
Develop Techniques to Detect/Forecast Precipitation Type and
Rate, Incorporate Radar/Satellite Data
Develop 6-Hour Forecast of Precip. Type/Rate

Convective Weather

Integrate Satellite Data into 60 Minute Forecast Algorithm

Incorporate Boundary Layer Data, Transition to ITWS

Demo 90-Minute Forecast

Numerical Modeling 2 to 4 Hour Forecast

Turbulence Algorithm

Implement Prelim. Turbulence Forecast Algorithm

Complete In-Situ Based Detection Product Evaluation

Improved Algorithm Using TDWR, Transition to ITWS

Incorporate Satellite Data into Turbulence Forecast

NEXRAD Algorithms
Began Dual Polarization Research

Deliver Dual Polarization Algorithms to OSF

Airborne Humidity Sensor

Complete Sensor Evaluation/FAA/NOAA  Decision on Utility

Evaluate Combined Temp./Humidity Sensor

Juneau Terrain-Induced Turbulence Project
Develop Prototype System

Perform Test and Evaluation

Implement Operational System

Project SCORATES
Completed Final Report of JFK Test Project Using 2-Beam
Socrates System
Develop Eight-Beam SOCRATES System

Develop Ground-Based Particle Backscatter System

Complete Airborne System Applicability Demonstration
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